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fiM v9—m% m m vftli as m l j r t i * * ! apprmi i 
«tv«t«i» m m Mtli^i* w ^ f t t U M i M m m i m ^ t m « f 
••rtatn •fgMit« i»<Nrt<»ttto flM wwrtt 
t « tflviM tot« flip* •iwpurs. fim f i r n •miftMr w t ^ 
Umi •«»#r«t l » t r « M t l M i amrtttg « r«T i«w m toa«iM(«li»ttg«r* 
iB ff««»ral mid laoii«iiift« In i i « r t l « « i « r » tN(««4i 
m tlM» r « « « « t ttftfmiiir** flie 
«M ftf t i iori«»f« st»o • t l l « » t « • mw 
tor imiMr a i i r « w t « i r i t ^ l « ••p«mtt«« of iiIimoIw*; 
in* tlitrA dvKortlidt (|ii« wmrlr on nlMrilBtiMi trl«*li«ii<»l-
a« « » « « ti icai«»t« HAloit Mimttger « l i t l « fBurtfi 
wttti tli« iifV4rl(i|«itiit of « nifv oiielattiii aiiA 
m t m fMrttw frUtiimiolMitti** flie ftftfe 
4h»tm wftit « ««iifilttve 
atonte aliaorpftfwi aiMMttr^aftCRiiatrtQ tfataratnatiia of 
•liNMttta t » roaiea* 
fli« oitafittr <l«aertlNia Mm f»r»]p«r«tt«i of !< 
«Mlia« i» f>ra«t|)tta«liig sttto • l l l « a t « vltlitii flMi 
of MialMMi « «• 9 m f t l t a r |Mtp«ra and ma mm of tliaa« 
fMipara far tlMi •Uraaatairaplita at^df af 87 pianola* Maat at 
tfea aaf%a«ta aarltar laakatf a t ^ a r t « pp^mw M m % t m 
ar aiafMita raaatnltaB of 4lffara»« fiia»ala praaaat te a 
•istwra* tm ilia praaaat a M I a a a l M atiiaata luia »aa« «aai 
aa a p o M t t a l aaflMii far tlia fliamita* fka sattaa i k i a l M i 
•I t •• 
eeepwit uttli • M t m t t m * in* •mlwmK^  wy^tmm t r t « i 
v «v» m^mwim mlm%tmm #f i i f i t r M i t mmmmtrnttm H seemt*. 
T«port««t • • y t r a t l m innrv wli«a t r l « « m tn* of 
•mm ftfitpMidil* H W m m i m ta M m «tfiMnMi« 
OlirMMitoir«|iltl« MAirt^nr •f ptiMi«t» %mm 
1i««ii • t M ^ m ttie i i l « i « pnp9r wbA^wns lie* 5 m wttHottt snr 
%r««t»e«t of nine nittvat* cm tli«ii for •«iifi«risott. ir»lti«« 
Ml (tOttOlflil m iiy^) til m»% of t M «••#« « o r » 
loiror tfmB mlmm m (knoura oo 1 ^ ) * 
toifortiif of to #00 to ttm ton^oaolionio %«li«vto«r of otwo 
OlllO«tO 00(1 ttlto ioB^OOOftlittiO OffOOt mtt IMMt»tirO« to tOflM of 
n^ mln»B i^f*ro !l| • ^^ <Pitto tatoroottog to ooto 
tliot ll| rmttnoi oonot^st for tHo #lfforoiit ooooAOtrottoiio of 
nif^dff, wlitlii oitoii«ft« lioofirly wttti ttio mmllMtw of m groopo 
fnrooont to ^ dImooIo* 
flMi tibtrtf oliiifitor #o»ori1i«6 ( W oto^too m o »ov ootoo 
m t ^ i m i f t f atmtinim trtottioootavtiio onti^ lio« h t m propototf 
toooriioroioi trto^Mooltiiloo wttti t i o m%Hm ^ I^Nrooo 
oloaiotwi 0Bt<l0« Hot of tlw irortooo t»ovg«ito i m loi ifciotm 
ro^rtotf oolr • tow wlitoli oto Hui t^^yvolottt Mrtot lqriiroKt4oo 
oiioo ootoo oMOli«»ogo iNitiovtoor tiM>t too ot low Iff oolaooy iooii 
o itattiittoo mmmlw footriotoril tlwitr ooo for Mio ooforottoo 
of OOtOttO to ttw %00t0 MOitOM* Yo tlio proooot WOfit tHo 
totroioottoo of 00 ostoo groop toto tiM aotrtx of ^ aotol 
•• 3 •• 
HM Mtflftci fk* M f t f i w * flM» fUMt 
tkm «it«rtalt •Iwrtttlw trl*tlMni»lft*ltMit MtcNi Mi«lia»c« 
vaiNWltjr iMi^ In ••t«t« aai li«til« «Mlt« wHIi ii ••iMtmtj r 
t«Mr»r«« viurMwittt^ mitlilMiitt 4i«lirMMit* ttitM«lipli»t# 
fli« Hitcrt^l WAS Iil.«tt4t«t o,tif i i l « »ft i t« i 
tttiimt* vltH triet^htaoliiarfiMi tii tti« v«l«ni« r » t t » 9f ttt* 
Vli# prmtpi^^t^ «# fllt^riiily ama at 
Yo et»ftrfiot«ria« tli« neitiiHist to format tlie M l m l m 
mtm i^mw tf#re m ^ i O«ti|>0«ttt0iit 1N»l«nttw«trle 
t t t r a t t o n i i , tnnitiiHiiit ^ t i i l i t l t t y t tn •tn^y t%m 
exeltPiite h^mitimarf fiiit^ ea^^aiil^t r » t « of 
•«»tsifiit# <»iiil irer# fmm wotmmUv of 
iri«tliaB«I»itlttfi» niilt ««!« u t m of ttliiflittittrai rs^ 
of a strotolsti^ vllit^tloii f m ^ in f . i i . f t^tntv i 
to#lo«»iof t l i i l ^ * iiiof«l wtl^ trteflmoolJiiiliio ttiroiii^ 
otoTfUM otCNi* mm poionttoMitrlo tttr«t l«ni m r w •totfloi 
til* to • wmof^uMtltsoal iwtM oa^aaser* 
flito m t o r l A l Mifforo mmm Sooo Is tto m I o o oaaliawio aoiiMtiy 
vttn IvoroAtto to «wfim tfpoiHitiiro o^ovo 60*0* flio 
•9ioli««io o^tltlnriMi woo ottotooA In 40 wtmtoo oliioli to 
rolottiNitr mmk okortor tHoo tHo o ^ l I t % r t w i t iat vttli otlH»r 
toortttoto too*oilMi»gof« OB tiio koolo of lofgo «tfforoMoo 
la milaoa owwoeefwi oofmtloao of mnT fro* Ovijp tmM 
•fi^t f* UriNi •d '^^ t ^ f f i ^ T fiwai 
vT 
•I % 
fk# f M T t i v t i l i ^ * f r v f i m t t w i wHt 
p r e ^ r l l e * •f • ««it i i iwi iwt* ^^wMimg im^^m^mgw^ thwrimm 
• ! « « v « i 1 » •• •» Miott •t^MMier* f t w«# 
I r atsliMr #»«ti iol«r mt tiKirtiMi ttttmtt 
trtvftkiitt^liwtRi**TIM fMmtiittiit* tl i«« w t t l t « r « i » 
iHitli«iy lit %il Cft •ottM <ii«l» Atti iMMTMii imtm ir« t «r to 
ftv* M P l l ifttiittl** to mmi for otlkor otiiiioo* Anton ox^^^ogo 
•0|»«eltjr « « • ^toisiiioli lir ootoan ^ r o t t o o * of foot of 
oottoootrtttion of Umi olooiit or ootoo M^migo onfootty van hIdo 
«tiiil«4* fli« iHitoii oaok^iii* oajiooltir to of • froo 
olMtfilo on nttroioii tfiiii of tii« taoor^orotoA frteflioaolitwlnt 
tn tilts witorlftt* flio e l i « t » t t » i ton-Hnioliiiiiio Moirtoor t » 
«toAt»^ tn toroK of «or^tto» mmpmity toworio irortooo « o t » l toeo 
o l i t ^ woro olotoA otlirlooodtOBtoo totro oootto o o K , flio 
Motortol <looo sot oHoir tmf oottoo oioli»»to l o ^ v t o o r todtoattnt 
tlio fioootlttttjr ttiot tlkoro to tto aogottoolr oiiociotf to»of««to 
irottfMi wttli tiM oiokoMfW « » t r t « « r o ^ r «lio ootfttoB H Mitet 
tooo took »looo #00 to tn* oHolottos totoooM •tirigoa of ooitno 
groM|> oo« o aotm tos. Ao totwroottot to Hmoo ot««too 
to tHot tlio 09MlM»agor irtMS trootot wttH ooMoto aoioi toM 
oofotroi o Aoftatto ooloor «iit4li oo» %o oowi^tOMoolr oom oo 
tko ootom* 
flito o«i lM«ior to iioito o M I o ta oitosto ootvoafto owl 
•ootrol o^noooo o^ottoM* t t r o o i ootito mtdU i l M i i i l o 
oooltfoA» sovortkotooof loot* MoAto ••• too «oo« ootolf* mm 
• • $ 
wsfc«et*» iMMi timitMtim teeiNmiWe mtM iiiMil« 
« M i %•!•» 100*0. flM stvAt** ««• m m t f i m 
wtff li«l|ifal im tMitnttv* •tfiMrtwNi vf tHo 
i t w i « f H « tttmftiMi •«rv#fi t i i« i«tt*« t t » «Hi«»f«MittfMMit Mtoe 
Aimtyfttofil iMitMittal nf tHorlMn trl«tli«B«Smrtii» was 
tte^tad In tamit of A tiiiiiM»r of ••farottw vopo 
trt*d 00 tim 1mm f of dtfforotieo te milooo mA tbovo 
IMrttO«l««ll|r ooliioirttf oro llctod* fb« oolooo wor* ooi^nrotaA 
400 to Ito lot on m t m m ^ Hobuvioiir tli« wm%»t toM voro 
do* to lift otifflattni oiil<io mltt^ago lioli*vt<»ir» fte 
fftst mto t « m •AAltiaaol n^vwttiige ovor tlM oitior 
i j r^ i i of ifWiUMiia to«»oMNi»g«ro* 
flio ftftii flUoiptor « « « I t ottk o ooi*to«« op9ll««ftoR of 
«t«»fto a M o f f t l M •|po«ta'ooo«rir ottii lo»<i>o«ilMiiwo* fHo «li««toai 
a»«t]rolo of MttMPallr eieorrtes « i « o r l « t « tis* ttteoralt, oroo 
oai f — i i to o» o«tr<MMlr • • i i i w •»tft l i t »> ••vir vf tiko 
• W j i i i t i o ^ tfcwi M o H a l * i » ooloi^to f«p 
i » i t t o •• « # I I M gitHnBtoM o » i tofoiffoo ^ o 
0#0 MNNHNHtO MMi Ite |MPMNMil( VOVlL 
•ooatttvo •olottlv* atHioi Mteg tee*owlwoso fMPWtiittotioR 
lioo 1mm t o f f i r goMlxoiitoat m m t f i B vHom Hi* vorlooo 
traoo •l4NMNit« %o ivt^fvimNI t r pHor oopavatto m w m 
mtm otfcaijt Applfltac y v M t p I a * •t •iMi*i«ol «ot 
€ t « 
MMlyvi* tlM 4«Mitt i « i tv» i«*«niilaiitiOT mt %rtmm •lmmm%» hmm 
%mm %m w&tk wmplt* •wiirtrttttc •« wmim maibam$9r la 
f*»p««ttir« t « o l « fmrm to t t v t tte mt%9 % r 
A«ftciii of mmmtmr ! « § ( « « m i I ^ ) 9f tti« wmin una tiM mital toa 
in tli« mptntim* t««s mwm m m mtmtm^ hf wmtMU 
« l » « t i i i m g m t m fmnAmt Mtii^l* mttm* flk« Mftmrmt fwrm 
lQr«r«iQflt ••w^bmmtm^ t^rmmtm ma mlfi*»fm 
lilff<ir«Bt rook fi«itpU« wmrm amrlmitf for l l i i (tt)t i t t ( t t ) , i la(ff)« 
m { t t % t u r n ) srCtt ) . i m romiltA 1iirr« %99m emspmmM iritti 
©ebicateb to mp 
^ m n t i 
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O B S T i r Z C j ^ l E 
flit* t » t o «ttritfy tli«t t n « vorlc on1>o«1«d tn t h i » 
t « m i is Mitalile fiMr wilMilMtoB for th« 
y 
mmmHi « f f%«ll« i « t i « « tn Cb«»t»tfT« 
< t i ) 
i i e K i t » i r i » i » g i t t E i i f 
f «atpni«t wf mm— mt fntttiNte mtf t i iMtwl»*«0 
mpn i^P^Wmmt f « r lit» •«i«ti i«t M i f v U r n * * 
It* iilwfijr* m mf tmifitvwttis f « r at «lirMffli«iit 
« i i t i r « ««ttr»« mt tii« vttfflc* 
T mm v t r r wMlt t1i«iik«iil to i>r»f« V0«tiir l«iiHni« 
etiotfwni, l>»piirt«mit At GtiMiicttTf Altgmli Hvvltn Ontvomftjrt 
Mtgiirli* 
I f « « l irtry i M ^ in iniytvi wr •tiio«r« ttiaahs to 
for l i U wUmlf onfioottOBo » t vmry vtoi) of 
tiiis ttioiito* flio ooo^fntioii rtttHoroA to m fer mt rtoooron 
oolloogttoo to »r»toiiverifer M i thsnkfoltr ooinvvlLoiKoi* 
tootirt t pn m e m o t i of sotoattno 
I » i «otv l i i l looooMli ( M i a ) for fl»ft«ol«l ooototoavt* 
( Ntooai Aim ) 
( i t i ) 
e O K f l N T S 
t ^ m m u m m m m n 
t « htm or fmiCAfioNS ^ 
f t . tttsf o r fAmxB ^ 
f i t . h t m w n m m s 
I T , miAmit - 1 
urmowKSTfiir i 
t . i • I I 
JSfIC mfCAIfl AE A m^ JimJIW:!!^ ro?? l>AB:/f 




n s p i i E m s 
f i « eiiAmft • n i 




tfrnmnOBf u s 
( lir ) 
inx« G n A m i t « I T 
fRdixmc fiifiiVRMfauiiifiK AS A KIT ^mhhnrn Aim 
AH AiiKRc wmmmm u ^ 
vimmi^iffAi* 
m s o v n 1 1 5 
mscisaiciit 
tftftneiiois t5t 
• f i t , QRAmB • f 
m m t f t m aur s e t ^ t m tm^mnmm 





L t 8 T 0 f g g » L I C A t T O » S 
S, Sine stileate » « ^ wm for pnpur elarott«t««f«pl}l« 
••iMiraitagi of i^cools* 
^^'t^'rwloatfoii of l » rook*, 
Klieroehmmiesti jronnaiiil Ct« 
1, /^ loffftntam trfeiht^aolawifne^ a mw iamrgmie toii"<»!»eb«iii««'r. 
otitwtttjft CCowRfsnlc(»tU 
Tfii!»rf.iaMi trlf>i>miii»la»tne s an*'^ m mlm 
Cftrw* tCN^  t > COotmunfcriftttil)* 
( n ) 









m t m m m iaws«®y%iiiii ei-
m t m m m m m n t 
m m or mm m m u n m j m ^ m i A m : m$fw&^ 
m i m m f t m m mGAww m m t A m m m m m m m 
p^mim fwimm^mi^ mmt m ^ m m m i m ^ 
nmi^mem^ 
t ^ wmm^ m t f mmm.B tn u t t 
fsmMftmrn m h w m m , 
w i f E S or w fiAfw Phmm tn 
fimmtA tmmt&m^ 
m m s or m m M ^ 
m m m f t m B mtmmm m tmm&mm>B m m 
Bthtmmi mmm^ 
tmmittmB m mmmmnm m Aummtm 
fmwmmmAmm^ 
m m m n nr iuuiiiiiit«ii wm 
mwrnmrn mtmm^ 
m p m t f f m m t m t m A m tmB A? m f w h r w 
wmmmfmmB^ 
m m m u f t or Ai.mrriffPi 


















l A U 17 
t M U i 
T A W IT 
QOAKfffAflW fSE^AiU^TlQIlS CT AKIQIlt ON 
A u m m m ftit^TiiAiimNiME, 
ocmMfioiis or v ^ m u n m m or t m m m 
r n m v m m u m m ^ 
t m m ^ m m m oAmcitir or tfionTtiM 
u t i i f m t i m ^ m , 
toM-KxeiiAii^  OAf^m or u v m r n i^ Aii^ i^^ T as 
A mimsnttm or cosoEirfiiAitQH* 
sTAortfrr or niitTiiAiioi*AimiE tit 
AMtm^immiBi c^mcir r or fnoaiiw 
noLAitTm a? m r f i B ^ m mftrm 
miifiiij^fii^fi (ron mnmtMmm t<ais)« 
i s R A K f R i K ) ^ OAfAaiff OT m m t m 
rwtnmmaumm ^ 
m m m m m Q m r n Q i m f n nm aihoks m 
tmmm Tiiisi««iot.Aiiiiii« 
m m t w m m m m w t m t f B n m qatiobs m 
fllOWIWI TMifBUMObAlltMl* 










( i n t t ) 
t m s m se»ikttiffai m QAttmn m TRmim rtiEWiMiaii. 
AMtlR 
tsmM i i m m m A w m ^ n m m m w t A m m loiift, 
mmM m mMmn m m m mm to stmmeii* 
m m s 23 jam^mcAi. MMM r m m sEtrAAAftcni m 
gfHtWITlCI if^ffiMkllttt* 







i t i f t f o r r i a u f i K s 
FietJHe • f 
f % m m • 8 
r i w m • 3 
Flfrlin® • % 
wtmm • 5 
wtmm 
T t m m 
n m m 







n m m ^ 
% 




ItOT W MAT-Ml^ t C^ij^ivNlimtltiSI 
m"' i^mmxh, 
iiiCif i>r ^ m m m f nm^fi cmm n n m ' i m 
mm m' n^ 
m" ^mmth^ 
m n or ^ 
f t m or m ^ i f i or -on 
n m or oriihta-tioi? m -nog 
^mops, 
n m &f m A i m t i m t w t m cmmTms^ 
I.II,S!»ilSflHJM OP AWISItMIllll TlllEm%fi«l»A|RIIB. 
t l T M T K H or OUtiftv CM 
ALdftNitui m m m m u m m ^ 
iei^BAfiaii or son 
m p i m n m or 
or 












( » ) 
n m m ^ i%« m m m n m or f - c r o j " . 




- f t 






mmnA7im or ^ - c r o j " . 
RAifr or E3CCH.AW. fOfi fm&iTmfim icms. 
m t m - u i m M m i m . f m t f t Ar,ht%Bt 
mmm-n Qr {r«>« 
^mmiTfi. TONS). 
yr m c u ^ (for 
mnAmm lorii?), 
Ewmm»: cnpAGirr af a nmctxm o f 
w sawim nttmrn { r m 
rmmtmMv: icirsK 
initcm iica^iiGK CApACtn or nmntm 
tmrmmm^hmm'! ^ t m m m 
i.n.mJCffJtm m f i i m t m f H I f i A f m A m u t , 
BUKAXmitOf^ ai CIJHfE, 
t r tnAf iw mmm row THonttM TfiTEHiAiiiiflL. 
A m m , 











( « t ) 
wtmm mm SepABAftOII or io®"*-!*. m 
% asrAftAitoH or 
rte^fli • si^ rAmtioii AT 1J9 
% SiFARAftON or 
- at gl'I^ BATlOU ar or^fl^-.r. m 
riQ^sm mm esfi m m m n m OF Ctt(TfVl%(T1), m 
% mmnAnow or c»(ft)-i%(Ti). 
f t m m • m p A m n m Ciim>-«r(tiK t%S 
% m p ^ m t t m or ^<tn«B«(n)» 
rtm-w - m m m T t m or i%(Tt)-Hi(iT|. m 
h SEPAHATfOK or 
It BATE ^ AB^nmas or wiocYAMAfii t<mii. i%5 
O R A P T S S . I 
flMi |Mirfio*« of t m l r t i ^ t ^ l rmtmmhtm l « to mmt 
M t M * of or to i»|ir«ve tiio ostotlfig oiio«« flioroforo, 
•tMlyttOAl eli«»i»try ffnat eoa«tA»t op^ltootion In toolmoloiy* 
tiiAiotiTf M^iietno* offrtoolttnro^ gooloipr oiNI no wnjr ot6«r ftftlAo 
of ooleiioe. tlio twja^rtsiie* of tht» ^nniott oao he r»ooipiiso4 
tlio Qibooirfottoii tlmt at prment no «Hit«rt»l t « t«lt«fi tram » 
lalKinitofy or roleosoiT froei a footorr vttiioiit itm aoaljrttoal 
data, f««iittfleettoii of ttie »ol»»taiioet otmatttotoa tlid ^ranoit 
foalitattv^ i^«l3r»ts. Qonerallr* oopomtton ta ttia 
trootaaiit tMroet<l«r« for «oot of ibi! ^etewmimttmw ma ooaatlai^a 
for t««iittftoati<nia« fliita a l l the tliroo tootmlqiioo togat^r 
for* tiio aaiij^t of olii»iBie«l analyaia. Cboaioal analyata ta 
l»a«ed upmk olofi#toal aikl mo -^^ m netlioiSa of fmaljrala. aM»il«m 
niatbolia of analyata oro <!lvliSis(! Into two broad groups vt®, 
ioatrwaastal aoi i}oii«iiiatrim<»taI» loatmaciital toolmtiiiioa fiii«i 
ttiatr ofiplloatton In otioiitoal atmlr'ta to m feitgb It^roo 
ao Mndi ao tliat tbay haira hmam ^aottlNmo of oxi»«ri««iitat 
otiaailatrr. flio tiae Is r o M ^ a , t t » aenattlirtty ta tneraoooi. 
§ « w of ^ taportottt ta«l«ttiioa oro a|>ii«tro^«toai»trr» 
polaroif«lilir flM eeB^taetrwawiital t o ^ l ^ o o too 
oro oipollsr laportottt in tookltat vortoiio firolilaiio mtf ora laoo 
oxi^olvo* flM noa^lMitrwMntoS ta«lnit<iiMO oro tovolopod aotnlsr 
for oolitovliii Mporottomi* flia vorlooa aat^otfa ttiat aro 
awfilaroi for oopirottoii ora oliroaatatropbipy olootropfcorooio, 
tott<>oMlia«io ooliroKt ostrootiant ring m m taelHii«is«o ami 
ttciittl^MS in tli« f t « l « mi ••fXirstloM •el«»««« ii«»Hi.4af« 
tiM toii«-«seli«iii« li«« eoNM to •• as ««tir«w»ly 
imtmVt^ tiN}liiit<iti«« A l l «vor tii« « » r i a ttWM>r<w« pluBit aiw 
o t m t i M i for ilM ••^•rAttMis of iA0ftiatii0« •riimto 
md Mo^ovlttol Mtstinroo. I<Mi»o«olHi»go to » ^rooooo in i i l i t^ 
« » ffi»oIu^l« (or limltHstlilo) »o«erti»l« nAifio emm9 in eootoot wttli 
fin •toetrolrto oolntloii^ tolwo npt MioiolitoMirloalIrt <>f 
f>o«lttvo or R#feiivo ^orge rttloaooo ot^er loiio of llfeo 
ofiftri^ froat tli« owBtinaior |it»««« Into iSm •olottoci In 
l«l>oratorti»« ioii-0iH^iiiii#ro ar« «• an t»|iortfiiit fool for 
oolntioit of nmt p t ^ l m m fmeing o«r iaiSootrtaltcio awl 
•oi^ttnto* Tii« woot Important ofifflloattoii of toil»os»tt»ilie lo 
tiitt ptrtftoatfim of troico* in m agn air wstter pollntios 
io tooattti to an olarwtni oltoatioa. 
A A e m r i p t l m of prooooa mn he eltod in tli« 
m t aiM»l<*nt litomiinro folloulm a paragraph wriitan In tim M y 
•lllo* Wmm ity wmto tliat ttm lilt tar imtor oan wiao 
MsImiMo toy nolnc pitooo of Ar l t io l lo (2) ntatoi Umt 
•oa wntor l o m forta of a oali ooniant nlion ftltanNI ^lutmigt 
oartain *fim of ooll* tkm loiMHi^tt ia proparilaa of «poo« 
•allnloto in f t m l ooaa a« i tlMt of nilimiton in tHa oooond 
•aao tti^tit iMivo aorvoi tn inprova Uia taato of « « i o r « for a 
loBf i»aried no afforta worn wnAo i n ol io tiia «noi<Mit roforeneoe* 
fk* |ili«»MMMoa mt r»at«oinr«r«# Hr 
fkmmm (3) una itmf (%) Is i§90 I r tsoliflii««* 
im I>r«tt4ist to Mtt* flitt at ftiie t l M 
•ttttftM if«r* l«0lttai ttt tk^ «xt»t«iie« of tan* In •<»liiH«i« 
Wmmw r^^  tiit pbMioMeiieii of •sr«t«»iittoe|ty 
irititl!t#4 to tw on^ to IOVOIIN!^  ottewtonltir «fKitvnle«t 
iiaimtltiofi of tli« t)NQO(* tak^ti ctp ma of ttmt mloitoiNif neir^rtlio* 
loooy I t roeofnlei!>€l as an i«if»ortaBt plnoiiOMonoii to M i l 
ferttltiir* f t nam ootolkltoitoa hy Etobom tliat seolltoo wore 
roaiKraalMe for tfota mus^mig^ tn ootla (9)« Atcwtistnii atIIoato 
vraa ftrat ^ t b a a l s o d ^ Bairwa nnd ihinpler (6)« ^ e m ^ i n g to 
tBttbtfTif (7) (3) tb@ aMitarlala roaponatbla for tlita 
f^ f^ OMM^ ian nalnly oli^a« aeolitoot gloooattaa 
1li«a# ^iaeovoriaa to tim oan of tlta »st«ri»l wtor ia la 
for watar aoftanlng. AiAyitttma Qnaa tliia t««t»niqtta to 
raeoimr gol^ fron sea watar* Biit liia aiibtttoii raiMiifHid 
oafalfilla^ liaoaoae the aatortal of tlita t^pa avatlalila at tHat 
tlMa pwin^ to h0 lfia«o<Kiata for t ^ fmrfMioo* <la»a (9) 
raoogBlaa^ thm praottoat irttitty of tfea i«i««aoii«i|a ^tmmmmm 
Wr iMtor ooftavtiig iiat«« i i o t m t tmfi ^rntlwtlo soolltoo aai 
9 t w f * flM oirtMHiatoa %o« of tka i<wi..iaM<tiiii^ir ima ragaaofwtoil 
W • •momtfiitoi ool « t t « i of ooAiMi or i»ol««al«i oalio* 
MOttOi of i i tai iomtltr af f^anafsttaii tliaaa saolttoo mm 9%mr» 
•mM %a oaotf mmt aa« afala* hUA%m%%m» of saotltaa ma •loyv 
W W ooiii r « « I t M « » t«a« sootttaa «ra tfoooMpoao^l bjr aot#i vliovoai 
•Uro aro tftfftoslt to Vo mmmmm Hkmrn llaltattomi • 
•••fttli for v M l * t«ii««a«lM«i* « « t » r l « l w«« • i n r M , tm t f3 l 
ttllgmi (iO) sQlpHitt oftlltilM* voHmi » t m 
l«iH«ioliaflier f « r Um MmnAmnttm « f tt^piH^r* 
An fnitMNittliic 4iM«pf«fT ^^stt In wiMa 
iTole^t foimi iimt eni«li«d fthoiMigrapli 
pr9|»«rti»«» fhts eff«ot the tiiv««torfs to t^m 
•SPRtli«»l« of oriante r»otti« filito^ wmth %<ittor 
firo^rttoo thou »wy of tlio ppttwimm i^rodooto ( f t ) . TOrtooo 
lflil>rov«nie«fitfi Here m^e in ttiooo ronlno* witisly #ft«r worl^ « « r Tt 
eMpufiteo ill utt^  fmgtsnA* roolDH ere etaMo 
toirordo ooide ao^ esiiy to l i^dlo , Thf^ ntrmtnve onti bo 
afo t!ii»r<&for©, ifi?*- ^tffl«j|jtt4®« with s«roll««o 
tmA Qt&yn rwoved lyy tlip> tfitrodnettofi of reolno. Sinoo 
ttiose orgatiio loii«»oicofif ngof^ ^ v o iMion nsod tKitli t«i laliorotinrf 
ott^  OB tiidasirlal aocslo for oofMireiloiio^ rooo^rlee of setalo, 
|Mirtftoati<xi of woior^ oano^iitratton of otoofrolrtoot ro«oti«m« of 
preot{»tt«to« oad oluotaattat tlM» m^MmiMi of mm^ rtootiooo (13) • 
flM oj^lleatiano of orsanto ton^oiBOluiflye rooliM oro 
ll«ltotf wNl«r oortata ^mUHimit t*o* ttiojr oro imolalilo ta oipiooao 
osrotOMi at fetgh tovporatafoo oiui tn i»fofMaoo of tiio foaisitig 
ro^tottono* Wur th«»« mooiif ihort htm • rovtwtf latoroot 
ta ta«t i «ol « toii*oaoimiioini ta roaoat fmm, aa tii«ir «ra aaoffaatatf 
Igr t«iit«liic f»4tiittoaa ma aro laaa oaaatttiM ta ktgiior toaiioffa* 
taiaa* f W atraataro af ^oaa taanoala taa»o«^uniiofii ta attff^ 
5 
tli«ff«f«r»* itt«r »r* iwi^ w i l « « i t w muB tow ^ M|iaiiitt< 
of ion* on tiM %«•!• mt tluitr 0 l t t 9 r m t sts^t* r « r tiit» w — m 
tlifif alto iMi »• tottte or iMil«otil«r tmtm 
tiiif«rA« ttimtalnt r«dti»li<»i« tli»f mm mOwmtm^ 
g#oii«l3f In f«a«i«r t«^ MM»l9gy« fa ord«r to mtforttona tMot 
a^l leat ioMi tmM to tafHrofo t h m or*teMtto fimtottttot 
otoSloo oro %«iai m tliooo ••t«rlalo« Ttilo now iftt«foot 
in tiimfCAiite to»«>oxOlio«ier m»y ootH to tt v«o 
Sir&% rnmm ^ Bor^  tlMt ooloMiff oontotnlfif ftiiolir dtirtao4 
sstreflaim fsHoopliate on^iHrtot gol omIK of04 to 
ooporoto ofoafoM s>lotooliiB fron ftoeton W mi 
ion^ oxohoKso proe#of»« In oAiitton to streontini pttofif^tn mvf 
oilitr 9l»llsr »ob»tiifices iMqr Imi propored hy otj^ lniisg oxides of 
group If with thm «or® «el<!le oxl<(let of groep® V VT of tho 
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A tt««r elem of r « » i n t li^ afi lijr 
in ^ nobvtttutii}'' 0 eh«lftt« eroaf> tii a htgtily 
fey«froe«rtiOB vntrfie* Slno© ttien wnny ®ooh 9uf>«t nee* 
tmmn ohf^letlag I s*i-«*oti»«*?«r t»»ve li««ii tn tbe 
Itteratnre. T?i tbes*© tjmn® of ®iwih-!iir«r» ttii* of ob<i«l«inl 
re^eilfmi? ©nn «l«»o !»<» to fslay no tssport-mt role» 
oficlotlnf amterrtalii behave olllcc» tniii Ion-
©spe^ s^ filjere and tli® f«ii©tloii«l grotip I® « ehels^tliag wliioli 
t r wittilfi th«» aiatrt*, Forw^tlm! &f « cosrole-c with a rac'tflil 
i<9« Is an esRisplf 0f 0 ooordtiintloii oofupooiK! In i^titeti tlie iimer 
of lORe pair of electratie® 1?; th« eomfileslnf, Bgcwt and the 
oentrs^l m^t&l ton fors* a ooor*llnote-oo»val©iit liood with I t . The 
fontatloa of the ccrml^s upon tfic siabllttj'' ooostaist of 
tho cti#»l®tf» fcMmelJ. 
A lurfe ntm^er of proo«?ini©» for tfee proper®tton of 
cbelatlair t?3«-«jieli8iig«re fmv® be^n oit«d fe tliip ltt«>r?iti3r«> in 
tlic" roocmt past* Tlioy hmwA watiily im 
l>olyaMirisattafi or ad^Sltl m polyw«rt««tl on anfl intro^lQCtton of 
•bolfittiie funottoQ wittier Atrtng poliriierixotim or fittoobloi 
after polymrtsattOB* 
Viiriod f^y»to«l form may th«s %« i^tatnea vtth mch & 
wt^o rango of iiroporatloiis* Further tli« netiire of ohoniofil 
ftd^itl ni» Is on the tntroOoott^io of wtde rimf# of natortalo. 
Ctielfttiiii esotumgoro ittuo liaT9 tho aoslrabte profierttot of btgh 
•OfiMilty, lilgtt ooloettirtty, ktnottos ain! ht#i neohentoal stroagtb. 
In MflMHttM to tH* w i i « r t 8 l » mm%%m9d •« f i r • iH#Aer of 
•UMr tfp— of osClPVior* H m dmlopotf* la par i fo« l « r , 
•lootron «seH«iigeni9 r«doB «sotiaiig«r» •»« «li«l«t« loii«>MMili»Bg«r* 
ksve footiA m lil<|i«»t imtmut of o i l «atorl«lo* fiio 
•l«otr«t o»otifiiiK«r« anr eonotdortd volia oviiiittoci mid 
rtdneing agoiito, ftioy eoRtttto ofiootoc forMitii o rc^os oooplo 
an^ after tiortiii aKtd{0ed (or n rnhntrmt^ tlie »t«eiroit 
exelmoitoro oa» riig<m<»nit«<l a iiiiltii1>l« oxt^tstnf mt ro^iiotog 
mgmt* ruoottvtty of oleetron oitoliP»ager» to Sue to %ailt*tii 
return oowfioQonto* Hie »oet t u p o r t ^ sivimtogo of olootroo 
exofeaiifori o w r ^tosolvoA o*t<Sf etui!? or rodtietng agotiis i « thetr 
inoolobtlity ?ns« «n etc*®t.r0»t 05fcli.?ni«%r e m fee mattt 
from ike M&tutim o«Hitiiiiitoft » ttilastrate Ming oxldi^etf 
or rmOuee^, Th® ooloiien in trm trcwo tli^ o«mtaBit»«tleii of any 
rodoai egeoi or t ie |)ro«iiot»« Only «leotrooo ma pt^mu ore 
tr^neferretf 1i«tifeeit ttm reetn ontf tlie ooloften* flierefore* tlie 
only i^ooetfcle i^iHsge to tlie eolotlen, enoeiit for tim repeat 
foeottwi of tlio eiiliotrfttot to « oliei^te i » pB* Anotiior oavetitot* 
of eleotren osMiboiigere to that ^ e y e m %o rooHily rogeaorato^ 
(«it««eoA or vo^ioo«) afftor ooo* 
flMi eleotron osolii«iifora ave eliaraoiertsoi liy ttieir ro^eoi 
oa|»aoity« re^os potential obA foootfton rote, fko re^oa oapaotty 
to tlio —aunt (to eootirelento) of a e«ribotrato %etiig 0Ki«i00« or 
roioootf l y a opootftoA oaooKt of tlio osolMiflior* fke roootton rate 
tsatootoo tlie ttae ro ip l ro i f » r re^ox firaeeoe oiMlar a gives oot 
sowHttowi* 
Wtmmi ( M ) tia« mmmHM^^ iiiit»r» of emtpmnam 
rmmtiy* polf^m^mtim li«« li««]i ai>|»lleil igy •tjrtr 
fttr tiw |ir«p«r«iioii of oli«ti»tliHg emtietigerv eonininliii iljresA] 
lie mto#9«»fitlly r«iiovipr«i «9|if)«r 
iittd amntm from wntor ttie » « « of thovc aoterlalo* So 
Biflo « uttli^or anolc^a® rootn t#hlcli to ootooitiro to 
^illV'pr, goldf mromrf ana iff»l©ti tifts ©tM beun atefl for tfee 
rooonrsfy of goleJ frow eoi? waier, » f>r©lil« f i rot 
tfeo ofi#1ffltiBg U f ^ t mxf alPQ lit plm^sifi In ttso iDObil® 
vhnm^ wainfy « nm tcwito m r w m ptmnm mi-pnort, wr-loh ^on^otlelts^ 
a oattos C2%7)» 
Fon»atif» of m with n aiolal iati t® &m mt^ mple 
o f a o o G T ^ i n r n t i m Qtmpmm^^- w ^ t o h t l i e < l ^ o r of l o a e potr o f 
f » t e o t r o f i o » t® tl»« om^pleKim an*:? i l i ^ o i m t r ^ l a t o t a l i o n 
ftir®F e ©oor l^aato-^ jovi^ l'^ 'nt hm^ w\th I t , Tb« ffHrmnttoo of tho 
op'ott thm oawotent of iti© oli«l«to forewMl* 
tntoreot to ti»i» fl«1ii ibt-iHt ^oirolopii r«o#ntlr 
»oOli »«ol»®nior« ar# roportod f i ^ I o T l « 
H5 
B f f i L i i 
mm or rm omhAftm loif^ s^ iANaB imsiifs 
• ' I " ' f I ' 
flt«« Tm w emiAftm mntn mmntm mmoftynrt 
MO. QArACITT. 
KfiiiEiicm 
1« QkIm wMI atffthylffiitiio 
r*«tii 
8.00 Qm(t1) 
2* ftJIifnAreaqrifittiiolfiiti tmH 
BJbymmomvttm i^ne twstii 
Ctt(lt) m& En ( f t ) 
5, CMisrf^ roaisroirtflMi r»«ti! l l o ( n ) as*? Co ( I T ) (250) 
fliioglyedlat* i « « t a A « ( I ) , m e m ) . 
ftorivL m(ttt). 
iift(tt) trm O.tii 
WlClf), © ( t t ) 
tnm p 
(25t) 
Aaiiio ae&d ty|i# rowta 0 « ( n ) , (S5S) 
Mid f i i ( f v ) (m\ 




fli« •tiMSlev « f tiiM'i«iiite 1MM4I «li«lat9 Mtseoftr* « r » 
wmmgiW* riMir»for»» tti* urittlNftfe m^ of paet) 
l9 olt««ti>»l anfalj'ffiitt wmf Qf imp^wtmoM* n m approwtefi 
hmn to t M emsptmxlm. &tf,mtm ^tlti ttm 
matrix of th«f wwBlif^iitcr. On ttil« ^ s t s »l«®iat«iB trleM^aooI-
arafn?' and tfiorti^ trleihsoolmitn® fiev© l!»«<?fi 
TUorto® faimfl ta tmhovt^ m ® 
ch«l»tl«$i» ««elini»f®r» 
f w & oonpltt® <!@«Rjripttf*i of a aat^rtoi m m tom-
tli# folloiflnr priip«rtt®» sniat ®tf36t€K8f 
fH© loti-sireteEiilf? 
OOffitftOBttiOli, 
%• Patrntimotrte t l troticmt, 
5» W^trtlmtloii of ommtmr lens ©olwtlsMi 
r^eiwfif 
iCtiiottes, 
7* T M r n o i f i i ^ o s y iiftd 
Toii«mli«t«m« ttaf&ettsr i « ono of tli« oKiiit ftrndmenisl 
(iQiNitltio« for ^i«re«t«rt»(»ftaii of 0117 « o t « r i a I » For 
• ftrcmf too4»eseti»iigor« itie oofoot^ rooatly bo ^etomtnotf Iqr 
dtroot t t t r « t t «a* Virtoof t y ^ s of ««i>ot«tit«fi «mii lie oxivrooootf la 
A t f f o m t Mtmiort* flio •totlt%rt«Mi iooooii^aso o o ^ l t y t m « 
•tTCan t m be Hwi^ivtMi Iqr dtr«0t t i t r » i t « n 
•irwif Mttoii •aetiaaftsr ( i « fl^ tvm) vttte a ttroii i IMim, m j o r i t r 
•f tii« ifiitlMtte iBMrtMl* tiMi<»«s9liAag«rt Maiv* mm m ton-
anA tli»r»f<MPt» lltmet t ltratton t » mvt r a l M l a . 
Tn ttil9 lofi««at«>baiif« eapaotty Is €«t»rMtci«a Dgr r»|>laeeiioni 
of fey^ageB tmm frcm ftie axciiiaiiior the eomitar Ions of 
« nentral oali aotntton ami then <!«t«nd»attoii of tiie a(|iitlit>rliw 
t9ii*m1iatDiga eapfloitir la «loita hy pifotttrattona* mmtrnm Ion-
oxelim^a eapaoity enaal to tha nuiil»ar of ionofaoto grooiMi par 
apaaiftod mmm% of toii«>aiKiAtAngar wmf dtraetly laetofiaiftetf ^r 
at«q)le oolram operatlmi paoaing the alooirolytte aolutioe ovar 
tl^a tcwi-eartbaiilE® ]iiiitai>lal ( i « R* foni) amfi t ltretSfiP t l « Ittiorata^S 
aota in ^ a affloeiii ^ a standard hnmm aolation. Altbooit) tho 
fmra tao*axohange oapaoity of @ aollii i«Ni*aao}Miiiier oan lie 
<latafiiti}9d in aavaral wayot a gravlwttrio aatliodi (35^) offara 
tvr mamy tan^xoluiBiiara the advaiitaga of ralattvaly hin^ aootiraay 
omA vafy aivpta amiipwiit ra^lrasaiita for only ana diffaraooa 
woigliing vttlioot any aaalyttaal tfNMitoal tfatoffwtiiatton of Iob* 
Wrma^hrmt^ oapaoity (899) t«a*» tHa oaafiil oaiiaoity for 
tttiltstai tHa oolami oimrattaiia« ta of taportaiMa ulios tlio toto 
of asoiinaia ta alow* ffita rota wmy %a ao olaw ttmt tlM total 
oapaoity sty not Im nttliaod la an aotoal oporatlott* flia 
OfMmtloii ta tftaooBttttood at mroitttliroiiii^ Hafora ioaoiitim tHo 
ooiaploto o^tiilibHaB. into oapaalty olitoli ta vttltaatf m t t l 
IroafttHroi^li ooooro ta Idmm« ao taroaMroitgli ooiMiotty or 
52 
ft d«i»#tt«« iii»#ii 0|MHr»ilni •on^tttomi aa^ t* tmmr 
Vkm tlM» #4|iilltMiM» t«n«.MieluHiig« MifMiet^* 
flMi ioii««a«iiMit« m i t « r t « | iniH 1i« • t ^ t e ^ for eteiMiteai 
• t u M l t t r t » Mfdlo »«<! tMi»to iM^tfi to ohmfk t t » t i » l t « i t t m * 
flMi AlstrilNittoo of mi ton hmtwemt tlm «seHaiig«r aad 
•olnttOR In A nmmrmtsnt of ••l«etlTlty« Ofttnit ilio 
lois*#i»itiimi«r taUm ttp otrtain loiiii tn pr«fov«»oe to tlt« otlter 
inrosent ootmtor icwis* ftiio »e l»et lvt ty mmy M t n l y opoot 
( t ) PomiAii f»ot«tittttl, ( I t ) mime mtim^ ( t t i ) eowplex 
fomotioii. the meleotivity im m important f«M»tor to iitiitiy tH^ 
»emmtimm, On the !i{!9le of «ft9trilNittcm eoefftei*fits I t t» 
i»o»f»llil® to pr®<ilet tht »«p«rMtloii of tow frat* th® 
The Inorganto lon^osiobaaf^rs lieire fovm& imi!is»ro«« 
important oaalyttonl opptto^'^tiofio « « ootof^txo-d iKiIo^t 
( I ) P»rtf>tt€i« i of on a large (Male, 
( i t ) SoparattoQ of oea ion fra« tti« oiliar ob a i » a l l ton* 
a»eii«in8«r 0olaMB« 
( l i t ) lMii»o]c^«tti« pa|»ar etero«atogro|ifeto a»parattoiio» 
( iw) ltootroplioraaio« 
( w) tmmm9»hnmg9r fwr ga» n^rmmtm^t^f 
( irl) otata aafiaraitoii«« 
M l ) Siwetfie a^ot ta«ta» 
( v t t t ) I7aa of toB«.asolMi^ar %«a«« to loo»ta tlia p t M tn 
tltraito»9 tmA 
29 
( I s ) « t ion M l M i i v * •iMtrttdM, 
Pttrtfteaitoii oa a larg« m l * be flm<}« by tii« 
•f«fit« •olnttoB ttuHHurb tli« l<Mi«exoli«ni«r vtileli t «k« »|i 
eortAtn sAterlels In pwt^rmmm of otli«r»* Hm t»«d 
o«» %« r«g«n«mt«d tnto mpiti«lil« torn by ooniventtoiial »«ttio(i» 
Tbo teetint<!n« oan iil»o b« atttt«i«d to m o v e r troeec of 
el^ntentft from the ^ i l n i t »iiliitl€N)»« Ibe preMnt In 
ionio for* «iw •aKOtianiEei br o^tv^ l^nt mmtnt of tliD owmtew ton 
pr»ft«nt In tbo fitxcsbaagor* flio el<«npnt« o^n be oleted tvcm tbe 
i)Mli«ni#r imtttiible « loetrolrtto reagi^nt* 
wttli very f®w «*o®i»tioo«, «» r©'r«r»tbi® prooetts. ttw net^l l lo 
icrnn nrp. esofiImaged oialotiionetrle'^ly vftli hydrogen tone tn 
pli!R8# ®n«l the w©t»l tone ©an be detefwtned indireotly 
bf tbe eppltoetton of eirotiai^e reiicitlcmot 
nm* • r r r i z r • 
uliere H r»i»ree^te tbe etmotnrel nntt of tbe too«ea»^eng«r« end 
end eye tbe oetlene ti^tng p^rt tn tbe toii«>exebtttiie» A 
etatler iwtbod oen be o^oiite^ for tbe mplmmmm^ of eat one br 
by^lroaijrl tone etofobtoiietrtoetly* 
fon«oatbiwte bne reeolved tbe wiet dtff loalt pn^lea tn 
obe«lo«l oBnlyet* t«e« oeiieretten of ^ p t o e l ooaf^ebto bovtnt 
•tailer enongb iiroperttoo* Colnai obreMtogmpbr te velneble* 
etnoe tbe eeibetettoeo oepenitetf ore o o l l o o M w s t t t o t t v o l r * 
30 
Stiio* t M Axyvtallta* loe««aolunig«ini iMiir* vsirttl** 9t 
4«ftiitt« »t«t9 they mtw ton tlttve proportt**. fli« 
e«init«r tcwii li«vtiiK l « f f « r r » d i l than the liot«i« to t in Mvfty 
ofiwioi p€a«tr6t# m& t h w t ^ w ^ tli«r %« «i|i0f»t«4 fro* tliii»« 
MWlUr ion* w l i M 9m •antlsr <;at«r tnt« tlie oavtty. mm— 
•#p»r»iton« w«re f irst mht^^a ttf ei«arfiel«f m i t r «ont« i 
flioitf^atft Cf57) m^ arr •tmnMirtse^ i baloift 
XlmonicNi {)iio»pli«te ana »#tal salt 
In « plattmm titan« Ttie axisiiaiiga raaatt'm taking plaoe t « 
r«i»it»aant«a hr the M i m i n g a^mationt 
nhiHi ohlorlda or hal^toa ohlarld^ asetuiflisadt a naw phaaa 
vni o^tain^a ^ l e h p«rr«l»t«'<$ to 2/3 af t.otal aapoeitjr af tfta 
exohanger* Hieae rangaa of natal content fotwlng tha mmm 
atmotnra taiHente that aoltd aolnttona of oattoo within oiyatal 
lattioa are faming* tHa faot th^t a vartaty of nation tyfMB gtvaa 
tha nasa phanoa (atwost t«antiO£»l tntarpUnar wpminft hnt iftffomnt 
tntanaitios) inAtodtoa that th^ oryatal lattioa rasatna rigitf with 
tha oations oaoapyini ataiilar ox^anga attao* fhio ta nnitlw tha 
hohavtoor of siroantwi phos^ta asoiinnftng tana in n^aonn 
alootrotyta aolntion whara tha Initioa axipanda l y tha eemeant 
of -^irooBiaa phoaphate layara to noooanotfata tiy0rnto4 
«ationn» Tha altttfon of oattona with tftlvto notd oolnttona 
31 
M iHimnmum •• iM^tMiifnige, tlM Mt iMt o«iilii %• 
riBtfi i W •ootMttttg tlw •ailMMiii* pba*** wttli li3Pdr<««M 
MfMiftttliiii* mew ottlit^vfttf* A 
••l«tt«» •mtaliitiig • i^Mil of tittitaii etilortatt m€ oa«eliai 
cvs^rat^d to ^vynmw tli« f'^ vy salt aixturt 
tr«aiKf t«i«ilNt<?r ^iUi o(i«trfiaiittifi fri^offrliatf^ dm hmtim tlie 
ntxtara lit 125*C litltliiii «icotiatii«^ lenviug ©imtttwi fifORo^ e fit* 
4iAvttt«» »re ««ioti|^ to t*ei*tt » «®tl<» of abmit 2»6* 
flm* shotild Iki ttsiSlttAed f.^  o%t#nr«d tsxrH r^ltsHiistally, 
HOKifvierf v«iT tm Itteratafw t« Ai^UaUlo m 
in m0ltm ssli* Albert! aad it^llalli (2fEI) treated icNEhMiaMtiftiB^ ia 
m anonilimie utrooBian fibossihato tn »o l t «B iittrfit#s* ffetoy fomid 
tliQt l i tb i iM tcRi ia graatly ptafarrad ovar potaaaimi t(i«ia Igr tlio 
axobffigar* 
Allterti alao ato<fle<ll tha cos^tset met of MMiiriiioifa 
slraontMi flioapliata to ana Ca^ fonaa m&r tlia vsoga 
M O C aamraratoma fba a ^ l f i o ©o««tiete»ot of tl** and 
Oa^ fwrm naa tmmA ta <aaraaaa wltfi pttremt ocmvaraloo aUtla 
^ t 9t Wb*' and tarm f irat t«or«aaaa tmA them iaoraaaaa 
aa oawvaraton yraaaatfa. A taatatlira wmM vaa prapoaatf to am^lata 
tlM «(baayva4 flbmummm* 
1!h9 soat dtfftottlt opmrmHm in alia«ia«il analyaia ta ^ 
•a^aratton #f eaepeReiit* into tlia farata a i ^ tii« aaar <latar«i» 
32 
MktioMi* Mtliod* Iwv* hew for ttil» i>iir¥>o»«, 
rwolattomiffy •ttmtB on 
tiit» •nftljrtti** <niirm(itoer<»|)l35r r^dooet the t t m <}«r«tto«} t0 a 
ir*eif «sefeiit« Hit* tcohatdiM t» extrmmtr atiio« 
oanp«iaK!« vbleh ar« « l i i t lnr to ^ff •e{>iif«ttoi) hf my 
other mtho^i or® oft«ii r«!»olwS li^ «mlt« »l3»ple ©tiniiittt«igrp»f»lst« 
proetfloree* C&lmm ethrmBtogrmfMy <val.tiii&l«, tb« 
etilifititiiO«« iiepttrat«a ar« ool lMte^ «|iiaattt«tl¥cly» An tni>ort«ifit 
vbidlt ftitslilf!* the of pmpmr sepnraitcMiff a 
pf^pnTniivm •#p«r«ttim ttofialno® wtiich ttttll««K to 
the ©ff«»©t» of i>«p«r ettroai^tograptiy onS imMmoht^imm 
i f ehTom-^UtgTBnhy am pfif»«?re twpreinai^ toif wltb l«i<H»xelmof.«r»« 
fl(© o c p t f i i e e e s e a r f 1® very •lw|jle« itmmewehmi^m 
pnpffT* -'"ire ©fisfltjr prejier^ bf trentiaif tft«fsi wttl» priMSlpttatlMHi 
©lootrolvtio KOlntt^xifi am? nftor th© otii«r fhe 
•oparatfowR .>ii ttioee pe|»or« oro rapid, mle^tim and 
Qloaii^ ttrof tliortf^wo* oxtoasivvlr tor amilj^ileally 
a n d %toe f i e i i tOBi i i y t ! » | ) o r t ^ » t o o i m r o t t o n c * Smm i « 3 p o r t a t i t 
of orgmilo oo^otoiieof <m th^m p&perB oro l ls iod 
ia f t m u n t * 
Mitkma^ otlior ohroiifttoftr»!>hio toolmtfiitoo tiovo 
tntro^oeed tn ro««iit jrooro bet popor oHro«atoi{rofvny t t i l l rowiliio 
tho Host tmpwrtant aotbod for i^onotlo ooiipoaiwlo* 
Tlio phottollo Qo«potiB<l» mmy h* olootiftotf ot^tAo 
33 
f lM««t l«* ftii'raaettf** St«|»l« f4iMotto« tmlude pticnolt, 
m i •• m^ i «Mr«tnoIt pliMwlte awia® eneii •• 
•lasMile aotds* fti* flaiwi^ldM OM^rtM tlie wldftijr tteenrrlos 
««t«r m l M » plamt iMUpmitffy ^ m^oafimlB* ana niivoiM«« 
«a4i • nmitmr of i w l a M The M w o m H m v i l l %« 
eoiiflfi«4i t « fSamoiUm only* CfirMMitiiii*efi»ir of fAtvtiolo 
o» toM^MOSOtumgor loodo^ poporo s I too Uli^ oeloetivitjr osli 
l « «oo« koro* 
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iyMtrmwopgr t » m laperS«»S tmr tlM d« t «n i lo» « 
t t m at I m S m l 9f 9mMmtrmtim or « « trfie* 
« u i l r « t * f t Stty t » t « v»rtoii« tjn>*« e,s« 
altir*vtol«t» T t f m « , f M M •«•« 
A ff«tli#r n w ttfyproMli le tfce d«ir«li»pieiit of atoaio 
ab^oriittaii mpmtrome^y trtiloh f i r s t mt^mwtm^ tty In 
lt5S and Mtlafs ( W ) * 8lae« thet t l «e i t 
•Itioe tmmA i ts pHaoo wttli t iq ior i^t oniktsrtteat t«9liiilf|a#t 
•l»<Kit<Rllsr In rotstlttio emlyeiB* tt tiivotiP»» t ^ •tiady of 
aUfcirpttcwt of mMmt m^rgy Iqr oentral mtmm in tH® g«««oiMi 
fftot«« Tn^n^ttion onemleii or^ ^ aniQiie for ««oli ^Immntf 
iti«r»for»t ^ o e a m tfetii tjrp® of nhvuoFpitm 
art! Iilii^ly sfN^olfto* tnportaiit feotiiro of tl>t« 
te to Mifildr a somoo of i^dietton thnt mAtm m l ino of tli« M m 
i«fiiir«teiiftfc «f» that to Im t€at tlio o^eorptton nmiljffiio* At 
pr»««fit tlii« t«olitti^ ^roviioo • t ^ t l t l ^ for taw 
Hoteiwlttotion of «oro tiiOB 60 olMHHits* 
Al^oi i l^ fitoMto oUsoriittaii upootriM of o l m n t 
to M i t w to nmt o|M9i««t aifvrtmotolrf • ^ t f t e l t y to 
•ot olwoir* froo frwi tm^wtmnmm. I.l80t wuf dovoio^^ vttii tHo 
tisoo of ^ o o t i w n t M a t 4otmrt»o«* SoaottMO Urn kotflit of 
m o%«or^tioB fmrn f « r • •wtat mKf %o tnf lMMod %9r the tyyo mni 
• M M t f i t t o o Of oHtoftO to tiM m p t o 9tSkm%Um* 
tm goooHoaloat o n o l i ^ o t t I t o f l « « Motoooofjr to Morwtoo 
37 
tW9m to roekt* ffo^em ci«ol3rtl«r«t toonnlnue^ liire 
atoMto •%Bmrptt(m mpmetrtmeopy hse apfvltea for thetr cHrc«t 
ilei«mtfi«tfoi}«« in for nodlfle tirhtoh are 
tMiliill di«»»lop#<l to tsltc cor© of tni«(rfor®«Q©8, for ejtfsraiplo 
detorstnation^ of Pe liy atoalc nl>«ortstlati K|»eotro«^try coffer® 
tti© Interferences' of 0?»lot«w. Seeh iist^ rfertsrsQoss oatis® low 
etoonrftoy aw^  tm pr»eAffirm In theito a©t#r!»taaft'.j>ns the 
preotsloo poesltiUlty of reniovtiiif; tutc^rf^rcsioest 
mm lfier©®«o«f a rsrlor ijw-titohirjaff? w0|>«rattoii« 
only r- oowpld of iim»<mGhr>m^& has ?i®oofii© 
cm© of ®o«sf l«^ort?mt for doltoet© 
in »ii»lytlo'"1 nrm^^nrstive inorgmie Gh&miBtrym f 
i^lay®^? cm Iwftortant l a the Rc>f)ar«tt« of er^ rtl-s® 
tfi ttoe i»ol®tl?i>fs awl t^esitffiosttoB® of transoranle ©Icwiit® 
qui! for tti® ©®irfof»ftit of 
ttost of tim ioo-oxelistago o^r-^ttooo* to tli« 
lo%or«torjr or ta ttie toaottrieoy oro •orrto^ out to ootonns. 
Colutw) opomtt ijn to bottor tlwsn iMitots prmemf ixirtloolarly for 
•«»prriittoa»« AO to eolonn a mm thoerotioal plato 
ooMOt tn oootiittt ovory tt«e ttrfion tlio ••Itttton l « paoood ttirougb 
m %•<! of ioa*«ifllianKO tto ooiipostttoo to elioiigod 
IOR»osiaii»ii^o» i^ t lo In the batoti ofiorotton, tlio e&snplete 
iOfMsmtion wiy got olir«sr« posstlble ae tlie efintlllirtfni t s to 
bo Mtotftittod to tlM oyotwi tm^ tho •qotltbrtwi Is m itio 
o 3 
M«tr l%ttt tM ««*fftttlMii of ilMi •onstltiteRt 9r«««fii to 
•Mill* Mlvtlffi* 
f1i« |»r*»imt vorte d««ls v i t b tiM etiroiMitdireiihle •epttrfttii 
•f fili«»ol« t«f>rttgMfttBi aloe tl l ieflt* on iflMtaftin No* 3 
smm intrnnrntim liiiMfT imd t«niii«T ••puratton* « « r « iiobl»v«d on 
tf)eff# ^ looo for ^tfferoni i^iotiolo %r«r« oloo 
•t«<ft«4« A wm taorganio a»toti^3io%jiiii«r« alanlnliiK Irtetliaiiol 
ttnltie woo ffjnittieetBOd* tto profiortiot and appltoattona In tlio 
aoparatifB of antoaa of latoroat woro atndlod* A new oh«iai« 
IOB«iionoii«ngor, tfiortiai trietluinol anlno, inriitHifliii h&th oatlon 
mm antoB*(Baio.lia4aige propertloa waa s3neitbGBtisadl« I ts pr ior i tea 
were stuidioiS and saparatiaiia o£ nmm QmtimB ond m%im» vera 
©cbfaved* A nm metliod f w tliC' saparation of traoa alaMwnta 
praaant to atandarA rook aa«pl«» mta doHawlta aenpta, waa 




1« flM mmiwiA Inm* lf»»«»t Cli«ft*r i3§ vtrM 
S« « . A » A r t « t « l l « f varir«, 7 JJti !!•«•) n J ^ * 
9* j*Mr*Affr«M»enfi#» f t , ^ ( t i ^ K 
inta, i t , 313 (fS90)i 13, 125 (t852). 
9« B«Et<iti«ni, r«ig»Anii.i>iir»«<aieii*f i09t ^ ^ ( t f i^ i ) , 
f •Intern 
99 
7. 395 ( t t T O h 919 (it76)* 
« . l i t , ! f7 Ct9t2). 
9m SahtbrnPremnrnfimlJLm^mn^tmll ( ! ! « r l ta) , £16, ^79 
t0« d.giEillffrftii, lliHii.fi#nkr, il3, ^ (1931). 
l t « n^k^hSmm wad f!«t*i{<«lw«, 9%, n 
am). 
It* jr.niaiPAt ana J .p .s i t i i^ , ABftl.eHts*, %7| 759 (1979)* 
19» l«lk«liiMiMl, A,ir«Mtnifioa, J^fmimb^rt «tia tr»s»A« 
I t ^ r i <m*9a« (19%3)f V.li.ei>or>«r, 
— m u m (i^sy. 
X*e«S«munNw, • • A M m t m e M m f t t 19, 48, 68, 87, M 
( t M ^ ) . 
19* O i H i a ^ M n U At«(yinMMi*), Witppumhn 8839 
18. ••r.Ttkafirt U l . T M U m i v * , Iinr^AM^MMie 0888, 1i««rt«« 
1, 188 (1989)* 
40 
98 (imh 
ft* • J l . w m o l U t ma j»fiHirg«iitiol*l$iMii,9 37f 
( m f K 
SO. J . O l l r M t tf.iynpl, and 
(1975). 
i«Atirloiia And A,ott»i]r»»9ii, 32, 
( t W ) . 
23. e .A l l i « r t i , V.OMtiiMtliio and m « t 1735 (1976). 
3S9 
24. e.Bertranly n^Oamiol&f {f.Gostaiitliio 
3«» 8%3 (1976). 
35. Q»AllM»rti, f .Tomoe* an^ A.eoiii*, 
607 (1966). 
36* m^ E.S.Ooto^tiiovfi, SSh.Prilkl.nila. (|,«iiininitf), 
8679 (1967). 
37. I ' . e v l o i i M i i } atad li.Nlliis, Soil .Sarla fCldrlim t t t « i . l l i ie l . iot„ 
if, n (tmh— — — 
at. U . l M t B g Mia ^ ^ m n r n t n r ^ t 39, 101 (1969). 
99* U . t M t i i t mdi AtwipvMits, I t , 975 («965). 
50. U . M t f i i mm» Mmmrnfrnw^ 1, Q13 (1963). 
5t* «»9»flirttM^tt( M i itAmlMtt«t», t*#le«*8wlstveleii«iihw»« 
M i « « r t « I « r « M m « i r a « a r , m « « t m i t « r i « , « i t o « , m (t96«)* 
41 
1i« M^ M^ W^ umtrnw ini<l n^ f^ mrnwitrnnrn^  
K.p«Brl8irt«li ma R*A««kimMt««<r» ?««tii*i.4nittiirr«ir)ilir,riiilita., 
39* J«l«Ptagii mitf T»Xtletfi4Nit« li»r«0«, 
8, C m t K 
56* 8.1l««ui«(iii And •^MfttlMW, S7» 315 ft97?)* 
37. and «l,ltath<w» Oftnd.jr.CtMW.* 3857 (^977}* 
30, m (1967). 
10. S77 (1969)0 
T.TwMMiiwtt ani f.ToiHlta, t h U , 3f, 1677 (if77U 
$*A6rland, JMimrfmmf 8«iltfilg»i^  at^  A€»iA»oii«i« 
mtrna^t 7»7 («fl%). 
8tMI (t9«9)» 
*9« N.t*lilMmi ami A,fl.sjtait ^.OUtmtig.t 53» (iffO). 
t*S«tni» m i l*«t«ir«*«« Bwitartaa e«if« 
«Mbnng«t atUi^mHMipMt 6S7 (1969)« 
nr^fMf* n t w tmi mrn^mm^ 33 (<969). 
KtTJUill «•« l>«l*ln[Et« 28% (1978). 
42 
J . t ,0t l l •m S.1l«f«Ra«a« ^•MiMnt.OlMM** n , (1973)* 
Mimiim^m^ m CtfTS). 
f gmillSMi, 1t,S.lft«i« » « ! fl«ll»fUilaMi« tMUtt 
«f75>. 
M.Sftftttlaiit ^ ^ J.CHfWMitoir.y 9St St 
9f» nisi SS^ 
a^AfeHMEid doa S*mwmmtmv»$ M (I97i)» 
57* imi 9, 
96, V,A«$iit«liltii ji»t.i>ri]i,i{|itii*, 
99* 0,AllHirtl ana fi,0o«ti»ittii9« 901 %89 Ct97»)« 
6 0 . A«K:«II» fta^ lC,Otto iNlfeayrf t o t ^ $ 9 t 7 9 ( 1 9 7 % ) . 
61. o»Al%«rtl if«A.l lBm»ol, ^ .tnorg. l^I .CIUNi, , I7t9 
6S« tlJl«1lMMWiN»tt f«««tttf «» 9%tt (f979)« 
i9* MmUmmM A, i m (t970)« 
€%• tl»Qwt«iit awl 199 («97t)* 
<9» A^gtPi twa g9» t97 t^m}* 
<i* A.C»l»t <»iyMti«ri«|ilil«» t l» 990 («97»)* 
i7« 0»1tolttt»r>«rtf«iitii and A«f •Mm, Iw*Aft»d«lfiialt«Mt 
SMfMilli., I f , 7% 




n * ••iMMil awl A*y«lMi» S.HtttiirfftrMii ^ t ^ ^ ^ 
re. i»,o«r«l»l«ii«att« ir«0«i«ti«tta» md 
^•Tn«rg,lfiMil*<»wii.t ^ f 971 {tftHfU 
Tim A«0U4irft«l« end Taeri.QbMi.y m {t969)« 
S»Ailiittt C.rerr^tmi, A«I^tii«rt(tra| ir«A«ii»»«iie«i and 
i9.t«Mii«»iiit« jr«tiior«,lftiet«0iMMi«» 10%3 (I977K 
79* f««Bii#t«l«t Iftllnjp* and ftwii.lliiel* 
(mpp,}^ 2* (tf73). 
77* Jl^nmwt f^^Mm nnS C.BM^ety 8iill«Biie»0lil«,rr«iie«, 
ym (t969). 
n* m7 ( i m h 
79* If«<lmi»t maa s.A«Mi%t, ^ 
irtr-Hiijiifrtiii ••a ^ t 
«9« II.Mmi, fi*A«IMlt ma nSMMO*, m « » 80* 609 
(1979). 
•9. Ii,<|«niikl* §.A«llii%t M W.Xtiira, m « * 29* 9i (t97i)* 
luiwtilit iiNI ValtaMir* t m (1970)* 
^•S.Otll catf 80* 9 (f97i)« 
68 
(tmu 
•7* ll«<|mtbt Ma If.StlMitlim* nt5 (1969)« 
•i« li.Qm«kt and S^T^mpU^ m « i 1795 (i9i9>* 
•9* ll*Qm«lil m « » <f970)« 
MvOmMf ir.niHHitii an^  r^mm^ HxiMrientta,^  27t €07 (S97t)» 
98« 8»v»B««Mtii» An^oitSt It (t97S)» 
99* and if.6«la%t» iap.sei., 797 (i!97«K 
li.Qmiditt n»Wmmr mwS n.s.satlimt t ^t 
dm). 
50, W i Ct972>-
A.P.aao nea Aaal^Ok^m^t M Cl972>« 
97« l«*Ssirt«« an^  L*ZfttBl»t J^CttroMi^ftt to2, I09 
9i« K«H.l»t««ar» ^^mrniim^ A«B«K»K«eltar aii^  w^Rfidt J«Tii«ri» 
33iMil«.GiiMio SI9 (1967). 
99* O.natitt«iwi#tnolii aad A*iil!Ni«f«iriMi Hatg.memt, 010* MS 
(«9i9}. 
tOi* M.XMiiac WMie.Niinit $9t <193 (i9$7)* 
103. l ,||J . « rM ma v.A«CiU«rt ^•tMTi.llMOlteiMW,, 30« » 7 
<t9it). 
103. H . fMta sBi r.zirtitftiy AmuM mwm mmg^ mjmtm mMnumi 
«H*r« n9p m t i , 9i9 a m h 
m^ U . M t B f S»ttmmJKmtjmm^f 99i 19«9 (f9C7). 
45 
so?. m^mtmi^Uf ^tOontantlno t^t^iast^ 
(tm}$ HI97 (J979)* 
m^ V.H,«oiitg fi«6r»f, 67» W (197S)* 
39%9 (ifT®). 
H I . a m i a . i o l t « t i i l o , I H t t f t 3 9 , 1 3 9 9 C ^ 9 7 3 ) » 
if:^ * OwAl^rtlf r.Hfrtgorio avua 
3 t , 3 1 9 9 
113* h^tutmn L*Sttrte», aaal lett, , 
mmt^ rnmm t^ 4II, 7 (tf77}* 
t U m M M t m a fm%m%m^ t 9 » t i s f j i f ^ , 
MMtt •aa s*it.fiMi4«M» t1il«t «»• W (^ TO)* ^ 
ita, A»S»I>* mwa Stfi^stt^fMi., f9« «I9 
ft9* T a t t m t <l*fMVt*»iiet*0ik«ii*9 ^it (tfii )* 
tfiO, Sellers, g«Kl<«trMkMi,» 69* M 
tei, 39f 999 
46 
189, mt f•f1in«t f*A«Mi,Altf,GiMii«« m ( i w ) , 
lfiS« J * n r » t i J . f l m y t 0«liiloii nail 
f9«iie«» 359 Cl965)t 
f .mebtl 22l>t 1100 (491(7)• 
(1970). 
M«o«ir«8iil» R«iMir eii4 H.s.ttetbofv, fliid, ffiS (1970), 
N«Qii]nistti» u^mmr ae^ ff,f .flAtltoret 
5%, 269 Ct971). 
1!I0. S.¥,nttftatt] emt^  s«c.iQHntttt Oiraatoiraplite^ 277 (1976). 
131. end 905 (1980). 
132. ll*Qttir«ii!li «iifl «|«P.llaifdt» 30, 305 (^968), 
N,Quff«^!}i T^i^t 30t 308I 
15%» ?«nypifir imfl 67t 391 (<972)« 
( IW) . 
t9i. m^mmtHht mmi MtmUt^ 19t 1033 ()973)« 
137* Hm^nrnM^ t«aHMir m»! V«Btiam, Aiiet.eis«i«t ^ t <^55 (197%). 
I3t« ll»Ow»ilift« A^»f«rfitlty J.Olurmtogr^f 
Wf ( « W ) . 
139. J*»*§ilt S^V.raadont «I.Iii<Mn.1iMl«01iiMi.» 31^ (1973)* 
• M l . U t t . , 1%, 3ff (1973). 
1«0« mM v.ttbfVt 94 HfH)* 
^•D«tNiiiiild»im lf»J«Ptttt«rt S^tmwrgjimUattmi^^ 30t 1083 
(1968). 
47 
If.llMMitttf, Anal«Olitn«A«tft«y T^t 
1%%* M,Bnitllo«tt an^  j.Oitromiogr*, AH (197%). 
etna D.ft.Reict, 16, 201 (197^). 
aiKS BrlHaii TattBt, 203, W 
(1970). 
<»6 (1969). 
f9. 269® (1967). 
t9% t.i'.iiliitre mMl itsAioekce.iledto 
ta, 77% (S970)f 2, 257 (1969). 
19*. T.AMir«fi« J.f««rf.Ifool.Climi.t 5971 (1973). 
199* it.<HMr«iii>tt it.Amifr iiii# ii«£t«ii»ti«or», faIiinto« 1377 
(f97t). 
196. J.itetfefFii ODroM*?toir«pt)fey 9» S59 (1976). 
197. w.w.Halllit ?.»,»«iianrt fiOft n^Wmmr^ 
J.lAOri.Mt.OliMi.9 3ftt 3%3 (1976). 
72 
in* ma mg^ka Za««ht, 
Iff* m^ ^ ^ (t976), 
tm* S3«Gtr<»lraT ai^ TtA.Mitt»tis« ilf.ll^iifi^ti.l^lit*, t% f355 
( t f f i i ) . 
uti BtufH, l!iil.l« #f Cli®el.o.'il 
at Smpm ( I » 
«»mf Aimiil nil 
iiu vm). 
^•A.stttla®, patent, 537 
nnH Otef>QlnBiairttn^  l«f lOf (1977)* 
(tf7«). 
tfO* f«S«fr{lt«<m ftni^ ^ ••^ •tviiinftii, 3535 
(tf7»). 
I7i« fmd f!«0,!%tttl|>s, Oftit, »t«g« 
fO, «9»5 (I960). 
in* mm em (i97S). 
(Jf75). 
49 
17%* tm6 itippm ftRgakii t&tHii^ m , ( ^ 9 ) * 
ITS* ««r»siiii»€ wm mmmrnt^ 
(tfi i>r«t«). 
tr7* II.Qtiwht, *ft>olmr, tl,f?.Hiitljor« am 
t7S# Tw.t.Sttii^aroir aiwfl ll.lt»r«i®iovol©ir.t tmlmrt^ 
^oii#0l»r®«trrf Tov r^siya gii»ici» SS, 
167 d W U 
545 (t97»), 
185• im^ K«A«Kr»ii»« 1l*ff^ *fl«s«Atottto ln«rfr Com*, 
«*• 5520 ( i W ) . 
18%* tm0 T.ttot m^ofi »it<»lni 97t <1966). 
I87* <l*r*limt ana il*r.itagli fHiktmt* cniiwitogrfaplitat 
I t , 515 am). 
I M . n^ CftRfOmfiit A«ii«sjErf}« and B«A«ilftrr«ft .^CbffWMatafr.i 
6 7 , 5 w am). 
74 
tlMI C i w l . 
Alitlt»»lt iB-pp.n^ot^iiefii^iitttf.tiia.iia^l.Wart^iifiiii 
awl BtCaywerp T«lf»fitr, so^  liof Cit73). 
tifMogrt Aiiia«€)i.iiii., fS^  
jm (im)^ 
•tw. ettdMtT »»« J.tm-flio f55 
( t f 7 $ ) . 
att« tis (ttf®5, 
^.ttrtitlt ^.ftiwri.iiiiol.aimi., ©35, fl^S fif69), 
i»*ff»iii»«tiilo, HwY.iiiirek «»« Pjm^Bf f^tn, n, &93 C19S9)* 
9«T«fit3r<»t!« f»»ftiir« Memmim 
»«• Ii«t<irt w®, iPit c m s ) . 
51 
90%* II.A1NI ma f , i t « t 333 <1966), 
mSrn ^ ^ H.BlsicoT®* Aaal^Clicii., 
10, 5 (1972). 
t » l 9 » B € m n r » t l y J « f l f x i l l f o A i i a l . c t i M i * , 
i , 503 ei97n. 
mtm*^ 263, no (1973). 
Fr^ ^ncii, fmA (IfSS), 
Sti* soil i|ji«'ii, 
3«7 C I W ) . 
5t7 (1970). 
ll«t»0*Viil«fil;tiit, M^mimi mmR J«fit«ri*II»ol 
5%t t%f7 ( l i W ) . 
.^nmnrAi and ^at^ i^ l Cmr«HMit(»ffr., 3C%)» 
nums (i9mh 
319* SrnKltinmt^ mml ilM«oo<i Almt, 
9, 9, 
S16* J*r«1l«vitt, Il*f9l»tl fff»A»19ie«, <l«tl4t*C}»r4«Mttofr*, 
It, 999, 
8t7« fl«f»»Stil4lrtlAi T» ! i « r t t « tm, 
52 
(Sf i t ) . 
tl9« »mA i.ic.lUvtfxlit^avir, f^lil, 99 (1966). 
iv,til«iitii, A,i)umitit««g md T.ttniiiiirii, 
Ettcffjr Sott«ilttf>«y 
S2f, E.Y«iOifialt&r t«f.fcurpor^y 
3f 775 
283. tmB wtnkUr l^Aitori.Ailg, CiMw.t 9S 
(m9)» 
(t97S). 
lt»0<in«fi, f»»^ olioiiic«ii« if.1l0t««l«g«ii, AS^  
I I (f97t). 
a«itiicr»#), M9t (1973)* 
» f t983 (1979) • 
230* T»iit«iit M i i,fiatii«t«» «rot« iwii««iRi CBgsiRi smicrttfii* 
39. 13 (I97t). 
33t %3t7 (1971). 
53 
138* S*P.mmmt m>a »«A«ai««t Mian ^.OtiMi*, t% m (tfSO). 
93% ^.F.liawiit wH m»m* Amalt aiiiil«ft« 98S 
(1979). 
lt.<5.V«riih»«y ma K-h^mm^ Talmit®, 85t 5«5 
^Vf* P.P.Ttitiia, ©WW? tl«F«Kiw«)it 6tit»«A«ot» (ifarwwi), 
65 (^979). 
13, 
51f* Rwiawiar, t i^chan, J . t o i l e r , , 
ft«, 17^  (tfTfi). 
fl*r«i0roff mm 275t 11S9 
<tf7«>. 
mid s.iiiniiar, Tulanta, 513 
(t91«). 
S%3« OtMHi«Aital* immm)^ 
( t f i l ) . 
f*?m«i » eiiMdlatrf A Tnil«»try» (1977) • 
e.ffttyvr* Aiiitw 7t» (1999)* 
e,8ar«>r MNI rt*«liir« Aaffw.eti^ii*, 7S» 98 (i960). 
A.BMTtlMrft* N.IitlMlar, Ja.NOMtt O.Vtttort, 
7, 399 (1979). 
78 
A.j'^afltt W.Ofaw^ fifUff n»fl«fel»tflin«i«i, tsl-i^it®, SNS^  
( t W ) . 
s«9* r.v«i»0i! it.w.nyo, t j d ) , 275-41 
Cl97f). 
( t W ) . 
55-6 am]. 
2«i5. "/^ttetytlei-'l ttatifi of 
i»t 126 
256. fl.f!«»lf«Hols, r.imhmm^f WeClraw^Htll Book Ga*, 
f f«v Tork, ( 1 9 ^ 2 ) , 
S!!;?. 7%t S W 




»t , 1255 ( t W ) . 
AlkMMia* Hfltf . t . M . W . I f t l a t S t A|»|>l»$SOl«A«ft«rl»r«ll, 2 9 9 
f i t ^ U 
gim; SILtaATE AS A MEV ABmm^m for 
CB^imfOOmiflfC SErABATXCm Of SHIEHOLS 
81 
Paper <tlirontttoiii«|}iiy bat long lM4»ii used @ tiaple 
raptd «ii<S •legoni netlio<3 of MfMirafton* V«fy dtffioalt mn& tlwm 
0an9{niiiig eepf^rifti^ mB by oJaeeio^l turn be aohleirod olearljr 
aad in mry »Hmrt t i m by tbt» t«otnit«iii«* m r t i a ha» pti^tiBbed 
» of papers m tlie tli«K»ri»ti<$al approecli of this ti>«l)8l(io«* 
Hat tbc nN»clif>ii1 as! of oftro«i0itogr»r>liy te s t i l l nfi^ifguons. 
Tt! fiCffiM oas®8 t t te not po»mible to deeiae wtiether the ta©©SiiiBl«w 
If-; pfsrtlttofi or adtnorpttim hetmmn t%to Itifiitf!! filia«?i»e, 
ploysf an fwf»ortaiit role a® I t |MHi»«?»»f»« ioiiHBxcitianiit^  
nro?w»rt.t©«, Aft^r ttic <lfTOovf»ry of «?3mtlietfc tnorgnnle «aa 
orR-'ttlc ©mohonfiter® ttiis teohr»t''?u« lin® reot^lvcfl raorc attest ton, 
flio toii-0itohr-Bf;c» by oellislo??a plf^ y® ^ nca^ -m^Mrs' rol'? when the 
napcrss ar<? t»f)reifi«te<? wit!- scmb© t<i«-««8l;ifso^r»rf» thos fiap^rs 
tsipregnata^? wltte m too-eatoh-:^ iiger ooelbtBo tlie afiiv-^ mtaieR of 
ioii-0*ot»niiti!, 0a®orf>tloo an& partlttoo. 
Sam intereatias fioaslMtlttaa for ^ofxiratton of 
alkalotfla and aHtno aoi^a on strocmttiai pnpara haw 
bean r«f>ortad (t«S)« Stforta have hean taado for fludiiig out a 
Mltahla a«aof%ant f«r tha aapai«tion of ^iffareat phanola by 
mvcy vorltara rteanfly Many aothora hava atafiiaA tha 
ohronatoirapl^ of tha phaoola on plain f»a{H»ra Glark 
a^gaatatf tha oaa of ioii«ex(Aiange pmperm for tha aaparatiaa of 
phaaola (9)* Moat of tha aofbanta aaa^ l aarlier aithar intarfarad 
with tha dataattan of phaaols appliad or laofcad ada^ata 
57 
fl«Miliitt«i 9t dittmrwut 0Mi|»0iM(at» prmamt in a iil«tiir«, Stamile 
NtttyMMiie (10)9 m tnorgaiite toii«««(ili«iiK«r tias )i««ii aafilcgrad 
»9 fta90rt»@8t f ^ p»p9r avfiafiitlaB of pb«iiol»« 
Tboiigii tli«r are good for aafninttoii puritoa^a tbe Invartalil^ 
•lodiKtlon of apota liaa 1i««ii a nacattve paint. 1» our ^aaiit 
%r« haw ti«#tl sine atlloate oa a pote^ttel adaor^ent tor 




(mronetograiiliy V&b mi Vh&Umm no* 5 pai^ er 
e t r t p « of III « 3 esMi using J a r » t werssmrtisg 20 x 5 ©»•• 
ai««loalf> solvents wef^  of K.Merelt (rnonwstrdt) and 
analar grr^ e^* Kino nttrot© (B.iD.tv*) aiitl »o«itiMi stlioetc* 
mer^  um&m l%®iiolio 6oltit.ft<x)« prcfiared 
"by 0,t g® of ooch nhetiol In ino m% of fit stilled 
©looljol, 
hwmmtmsi of eilff€»r©fst ocsnoi»atr®tl«Jo« wer© oood* 
tictootor 
One port of ««»reory tit®Bolv«j«l t n on© part of foniiiig 
nttrto aot^ an^ flflittaa witti two parts of water* ttits reageiit 
wad tissd as datootor* ferrto ottrate solation also nsad 
for tha iataotton of aone piiMials. 
Afinooas solvttoBS of stBO nitrata (0*25 If) md so<iiwi 
stHoate vara r^sporad* l^per strips of raimtra^ ataa (11 mm x 3) 
59 
wmf flfwt ^tpp^a in sino Bttr«t« MloitMi for V5 MOtfoHs* Vli« 
«iot«« of the nMi«iit 1MB roMved hy plMtot tite strtfift «vor 
ordinary filter t^tief alloiriiiiK tlicii to dry for ts Ktautoo 
•t ro«a toaporoturo, flio ctrtpii wero tii«ii dtppei in wNlioa 
tilioote eolotiOB for oliont 5 soooodo* 11i« esoe^ o of 
ftolntton uam alloved to dretn off atid tbo strips v@ro 
orer & filter ifeeot, Tli»»© atrip® %r©ro dried at roosi t«»perotiire 
and ifte« wapheil t^ iocr witli Itl8ttllei9 wator to i^ siove tlie e*oe®» 
of ttio rofigents* riiuitljr th«!ae were drt#<! at roora teoperoturo 
ioid ueet! as f»uch for obrcMiat^rafiiy. 
Ofi<» or two apot® of t o s t iMiltittoiia were r»laeea cm the 
paper s t r i p s ^itl i tb© he lp of t l i to g laoa ooplllarie^. The 
pAper vite emidlticniQii! for ahfwit 15 »inot®» aiifl the solvfiat wm 
thea ollowod to aoo^d (fi em io every oaae>» 
60 
mwvn 
A 0»all drop of piietiol 0oliitton wan plaoed oe ^ i>A|>er 
tii|»re«»«te«! with «lii!© f!i# «firoBi«tofir»Ti*»y of S? 
f^QOOl* voff ««iiiteve<A in a«MHQiitaii liirlhrosdiidle solatiotm (H x 
f X lO^Sf, 5 * lo"*!! and l f!) on «lne @llioato paper® • fl»® 
result 6 ar« mmiBrisocI In T«tlile» 
For oaeip8ris(»n were 0hronatagr«i^e<^ m iiotreatfdl 
Mo. J pfip«»r6 In tho oforeoal*^ solvent si^ otoms* valtido 
on ptoiii pmperm r«|>orto<l in I^Hle Q, ftiiis a n*^ tern (11) 
waa oaldttlfitoa waliotraotlsii f?^  unaliic for iMtreefetl l#ist«iaiai 
3 trim Hp v^^lae f o r t r e o t e d paper®, Viiiii-es of 26 phonols 
arc ilvi»ii to t a b l e 3 , 
Soparitton® were trt©^ for the plieiiol® liavlng approetatile 
aiff0r«ii06 In thoir values* Spots of th«« ntxtoros wero plaoo^l 
on thm QliroisBtoir^liliio p»i>or® aii^ devolopod wttib tlio ^olrvtf 
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Vlic fwnttttfi l a f ^ M ^ I skow v a l u e s o f 
9 7 f«h<»fio1» on naf»f»r« tiifirf»«*n»t<MI n r l ^ utoo Ttie s p o t s 
fllitatii^NI on ttiftit« iiMnfveini mre Qmaprnt and d t i i o « m i l i l e w h i l e 
thorn fmm& m ttiitr»at®«! papers flhov oonsldoi^l i l® t r a i l t n f * 
CcM«n)«ris(ni o f tli® r « « i l i f i shown In Tab loe 1 anrl 2 r e v » l e d t h a t 
Ry, ir»luo» on tr«5it©*J f>»lMirs In wofit o f the oae^e » r e lower than 
t h e t ohtalneiir on initreated, ^ p e r s * f h i » a^mtm t h a t sRi»o t i l l o a t e 
(Serves a s a fldiM>rlj#»iit f o r plieoole aiKffl l i e t a n o M l i g a t i o n 
m t h e pfl?>©r retartls^ the aisrtrcBwsnt o f v a r i o u s jAoiiols t o d i f f e r e n t 
On i i la iu however, th©re t » no eucli r e t a r d a t t a a 
fore*? heaoe a h l ^ b v-'aue t a ofeaenr@cl <m t h e s e f iapera , 
B e s i d e s the o a s o r p t l v l t y , valwee a l s o aepen^ on th© 
kint^ o f d e v e l o p e r aaeiS. I n th<« offvaent e t o d i ^ e ?in^€fl In 
« l l f f e r e i i t e<Mi®eiitratl0n« baa been twie^ aa a d e v e l o p e r * The 
v e e n l t a ahoy t h a t t n e r e a a e t n oonae i i t re t io i i o f SMHMitiM 
ti jnfroxtde e a o a e a t n o r e a a e \n v a l n e a , l» leta o f n^ val i iaa v a . 
Qoaotmtrmtitm o f aamontan liirflroxtAe a r e a t r a i g h t U n a s * f l i e 
r a a u l t a mw plot te^l I n f l f n r e a t u t a bah i iv toar a a a lm 
a t t r t h o t a d t o t h e l i l # t a o l n b t l i t y o f piianola i n h t g l M r aonaaii* 
t r a t i o n a o f a — o n t m lijrdraaiide* F o r t h e a l w t l a r raaaona 
v a l n e a r a v a t n e d avtrwaelif low when w a t e r waa oaad a a a 
d W e l o p e r . 
H i votiioo • • y y - i ^ ' lunw k e a s d e t a r v l a e d f o r v a r t a o a 
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FIG 6 P L O T OF Hf A G A I N S T M O L A R C O N C E N T R A T I O N 
OF A M M O N I A 
105 
jlkm9t» wlitoti wmmmam laB»«aMMMii« •ttmt* f1i« r*»itli« 
fa 3 inMmti^ th&t for • partttular filiMiol 1| m%m» wmmimm 
«aii«t«it for tilt ^tff«r«nt emmmtrm%im» of •wwoeiwi HjNlroKido 
Hutu Hi art tmrns to m mo mm/b0r of ^ groiqio 
^ M t In pli«»ot* fHo rooolt* oro filottoll in ftfiiro 7* 
imtm of %lio piiORol liftirliig iii^ roo «*Qit irmi|}i! to grootor 
t ^ fiiiOBoS wttii two mm tififoh in tam t » grootor tlioo 
fli« ooo wttti 080 crooj^ * Slaoo s<no otilooto ooto oo oa 
oirtrowlir wont mmttm oaolioiiiftr ftt offlnltr oitoallt lio grootor 
for tiw fiioitol wtitoii oao fitfatoli froot^r mi ior of iiyireg«ii toiio. 
nilfi i»oo«t%ly 0ie|)taiaff wl^ pfrogollol to aoro otroogly o i v o r M 
tliao oatoofiot BW0 phm&tt 
Wm rooolto i^totto^ to ftgore 8 Olioir ^ dopooi^oo of 
Y«lo#o on tli« ortotttatt«»i of groot«» Mortowp of 
ortiio nttroftiMoS t» <ltffori!iit from itiot of fora oad aoto attro* 
pteooolOft fteo I^tfforoxioe tu Moirtoor oo» %o ottrt%oto4 to tlHi 
lpooot1»tlftt]r of tatrowotoootor l^rirogoK %on4t«i t « or^o attro* 
9I10B0I oltloli to aot foaad t» ottftor puro or »oto attroplioaot* 
irolooo teoiro otoo %ooa foaii# to o^poaA mpm tlio toiitoottoa 
•oaotoat of fkm^U ftm ptm «f toalaotton ooaotottl. 
ftotto4 la ftgttio % oiiowo tiMt i^tooo taoroooo «tt^ 
latvooatag toaiaattoa oofiotatit. 
M l o % olioiro vorloao ooforottoao tlMt lio^ %ooa 
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0 - 2 
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A ! Q M AMMONIUM HYDROXIDE SOLUTiON 
O O 5M A M M G N S U M H Y D R O X i D E S O L U T i O N 
* 0.1 M A M M O N I U M H Y D R O X I D E S O L U H O N 
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ORIENTATION OF-NOJ GROUPS 
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i o n i z a t i o n CONSTANT {Ka ) 
FIG. 9 PLOT OF Rp AGAINST I O N I Z A T I O N CONSTANT 
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fK)iitnn»d m reapers iii^regiiated vttti sino niltoate* BeiMrvtlon 
of ortho nltrophenol from «et8 ao^  pars auliatttuiad nHw^mQl9 
nm %© mntlf aotiteira^!, Btme ternary Hooi! liavR «t«o fee©® 
aatitewA on tiiaa« pufiena. 
J 
wmvmmwi 
f» t*l>*Coii«iilOf 0.1l*liiiriiil«>1l«;ttol ana Y»9lO0«>riotlit 
3m WTf ftrwnt U l t ^ , 1 
m w i fftll^i ^•CJf'llart R f^ iMsriTe, 
r'^ Coltw^eff G.^'^wtftni, 
10. r.i.Tfiin^, ^.Aii^l^GliMi,, 
I I• N.Qm^fitii, •••no Stmfwi, Tal^^sta, 
SO, W - S T 7 , 
c II .A r T L n , f?t 
MI I'M i:.Tii' Kijtc ^ ^mm, niiM im-G-ntc ^''^i-j^-ts^ivmi 
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©f ^rimp tmnriaiiie tmi'^QVf^^m.em report®^ iti the 
llt«r0t«r© imly « fm mhrn mim mto^ng^ h&h&vinmr» The 
hy^oittfl«K of PiiCfT) Ct), Er(fV) (n), Ml(ff7} (3) 
ti«iN» fcMMid to ofsimTi «fsaraet®r In Ion? pit 
ft»isfe# At pP atjove ttsefr iRoeleotrlo f^Mnts, tfteK® 
fimoti m t l m timchBng&tm "^'raalte a Itenaiitm 
smr&rmlr re '^f rtcf^ sl? riH'tr lis Brr-.-^ ratt of 
f t w fse'^ iisrii* ttwm ejsctiaiiperR 
wore ftM-SB^:? to t?i<?lr tfi 
f.ff4yrtm ticT^ if- w^m to ft5troiliio« niAgt^ fsn^S' 
eoftt-'lntn^f frnf.h f^fs"^  swIik? rrmr.'^ tstc» tlir nairls of 
d^ aiisliff, % ssfer^ftl of fhle tfrn*^  
{7) uat^ fmifl'-^  a(-efMl for annl^ttQnl 9ep^ .rattc«-5 of e«tt©oii. 
f« ill® nr®®«iit ^apcir the Ira^fwpor'^ tl'a of 
uritli tli# «s®trls of .§l«wilfit«H» mi<^ .m ts rvportedl. fior »tuai«fi 
^ a t flit O'tit iMl|r untofi b^iairtmw 
te lifttlQ lie^ltiii %fit iiovMftfN^ it a good •ol«etivltr fwr 
<ifir«wtt«, thi&mtplmt^^ 
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Atimloiiui niirat® | ma tri^tiisitolcaaiise ihmmr^ rn) 
v©re Ml other oh®wto.>lB *f«r<» liy dtdBolving ttic® 
In t^ elool«®f! water. 
Api>ar6tu« 
F w R|><>otroi^ ®t€>«>trl© o t^metrB 75 
stCO ©liais^ r Klf«to f^ l Ll-tfl were us-ed 
re«r»«K2t,lvoly for stmlrifi^  aw^  f\P 
Aliiialnl«ra trtothcsnfslcats'fnc ejmtfjfS^ iEf^ ^^  ffy © 
O»i0 M soluftcm of ffliiwtnliiis nltr.-tc with n f-f fic^lutlon of 
trt«tii;-?rst>lco»»lne In tfi© wttme r^tto of 1ft« The wltrtirre m^n 
Btait i^iig for 2k hours to eBRwre «0i'n>let<3 preetpt tattoo* Hic 
proelplttttc so ofeiielned tim ftlt#r»^ m^ waetie<f wltlsi '^^ f^ lanljied 
A 
tfoter several t\wm»i, Tt woe th^ m Srte l^ In f>n ov«n vt fho 
« 
pro^not woe olloweit to oool down to at 20 C for 
2 bCMorf and then wanliet! wttli flotonisedl w«tor« It im taportaiit 
thnt the drlotl b«wi>1o feopt tn ttef? open at tO 0 at l@o«t for 
2 tiourt le»t tt too^ f? to rai^ergo a Btrcmg Hjfiflrolyslii. Aftor m 
wo^tiig Mtortal wos rodrt^a at kO Q, 
T«t»t« 9 fttionrft th« eonHiticmft for propartng otoaiiittiBi 
trl«tli«iiol ^ fmifio fiicehaiiier* 
tabu: 






Holiirlty of r««g©iit® 
AliMitRlt»t Tri^thAiiol 
hmim 
0, !0 Ui ^o r>rcctr,it®tt««i 
0.10 I t s ^o nroelr>i tatifW5 
s - 5 o . t o O.fO 1t5 Hitcic pre© t pit ft too 
0.10 Mt Ipr©ot tatlon 
S.5 0.10 0.10 2f1 Hllrt pre^ipt tat toil 
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BKSOLTS 
Tlie dftiOQ eMGhf'inge: o«iiaot tjr wae doi^mltied ti^  ooluian 
Of>f»n»tfcm* Due gr«» i » desired form vb» ttiM»n ou 
wool -support of « cotnari sua eolMtlcm? of v^Ttou® anlont 
(i M Irt cra« ) teerf^ thrcMic<:ti I t , Ttoc eltttert antonfi 
Wire then d^^ierminet^ in the i?fflaffiis. Thp flaw rate wns 
fljastetl to 0.5 wlii*^* f o r the fli^terwlnotton of •••nlon «*ct»w|i!e 
(st'pmity for the m^hmnif^YwBB tf^km i n th« »»lipbati? fon». 
The «liit©f! '^HlT t^ir-te iann wer^ tlcterwlmM! by t^rmelnttattoa w1.t^ 
liaHnw ehlorlflr> ttspn tjnck ttfrntlni?; the oseopr- of bartiim fonts 
with M ' f'T*.. f o r other anl'jtis, the esohnnger wr^ r t^ken In 
<5t-i1oH?^ e for® '^ rtf* fho ehlorlf ir Iofib were f ? e t © r w I n b y 
i iethod, r ^ s o l t t »r«» In T^^ hl© 6. 
fAfltE 6 




t« CliloHde t.aO 
uroMlfi* not 
TliioO]riiniii« 
T t i t O M l p h i i t e 0 . 7 0 
6. Fvlpiiat* t.OO 
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tmMm BV9tnm 
1«fl* SpeotruM of the »ample oMatnea Dy OHtiig 
tt lOir dtse. 
Co«i>ogtitioii 
500 m ^^ wlvsmliilwffli trt«>tlif5ii©l2^ i»lfHf? m-'-b In 
50 lal of ««|«nre(ff1.at evf^por '^itMl ec^olrd uml tlllutotl to 
loo ml 1*1 th wntcr. Aluwtnlim tn the ttoliitton 
then detonsliJC'd l»y tHr-'llnssr porttori of this? solnticm 
.'^ ff^ lnst 0»to ^ iT'T'*, ftoiotlon, Tn the yet anoihpr porttora trl^thaaol 
aratni^  I'^A^tt^rm^.m-K^ wn^ofrot^liotora^trlcnlly with i flmiro 2,% 
Quclttattve AaalF»ti 
For eheeklni! the premnee of dfff^r^'nt con®tltii«fit«, 
Qualttattirc! te»t« for ^lumliiiitia (9)f oaiUcm f^ ii^ i uttrofjen (10) 
were porfonaed. To ob#ol£ the fYresonoe of altamlnlttii drop of 
ooQfitle alkaline te«t •oluttcNO oontainlng ^ilcmlnate^^streated 
trlth a dft>|i of a(|aeoo» O . H elisarin anr? i N aoetto oold miti l 
the violet eoloiir diaoppearo m^ then with o drop of 
aoetto aetd« A rod ooloar appoare in the {p^ i^ieiiQe of elmlnltiw 
DQd attrofeB iwii detooted with lienstdtne oolotton. For te«ttiii 
o«rbcHa« 400 mr of etlver nroonote vere wtxod t« tn teet tabe wtth 




•qtMl qnmitltsr of 9tlv«r Br^mBte nnd for 1 Hoor enrmr • 
%«ini«r* After ooolttif two of •ol«ttoii 
^mm A liltt« oo1f«Br mpfm^r^ within 2 »t»at«»« Tb® 
Infoopftj^  <if QQtmr m tli# iioawtity of 
iwt^tMlil® mtbm lis tli« 
f'otf^t towetrte f 11rt 11 ofi» 
titrations w r e by »lials:lt$f (Ot»5 IP of sslmslfilmii 
frl^tt^astilwil^ a oolnttou of f«?l wHti 0,1!<I ®9imim 
of nmHm^ for % hmmf at rmm towpowstore. fti# isisiiig 
nf .^olotl^i nii^ o '^^ lt t s k ^ to ^^ oaft o way that 
fotf-'J valnt'^ remlmii^ f Hie fff of fH tfee «oltitl<m« 
tHim rtf»«r® tf sff^ -awit t?-'.;' roualtf? of tltratt<»io. 
IHe ®3ioh<»«j|f(r wan ftrot to ohloriio for® fey 
poltltif tlw oseoii^ ifiiior In fw oofltisw 0lilori«5# oolistioo for foooro. 
fli« iWili««Miitr tftior^ wigfely wftBhoifi wtfN ^ot^tsiodf iP»tor« liaio 
olilort^ tciB« wort tlie« olotetf with m oo l^tisi ottr^to ooltrtton 
eoD #ot«f«tiioa Ctt)« fiio to»»«iK^attfo oopootty 
vfflo ot^ loolofotf for oiitortio toiio* fHo -mllMmmte^  oolWMi oflor 
vmiilni ^oroo^lity wlttt AotontooO voior roirooto^ wtth tH 
«o«ftiin otilort^o to nmovo nitrate tonii o»<! th^ m vooM wt^ 
aotootsod wotor* Olilort<l« too* wore dgolB olotoH liy Iff »oi9t«ni 








0 IS 4 S 12 
VOLUME OF HCl ) 
2 0 
F!G. n P O T E N T i O M E T R I C TfTP,AT 
CURVE ON ALUMINIUM T R I E T H A N O l -
AMINE 
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r<»fMMit«4 for flirc ttnes* Tfa# mitaii*«aiolictiis€> eapiiofty of aluMtBl«i« 
trtftlMmol-aatiir OfHiplft after oyole nmf* tmmf^  to be 
1.18, 1.1*, 1.10, 1.0S r«»i»®ottv«ly. rigur® f7 shout • 
filot of «iitoii-eaioh»iigc es»i»iioity wrsu© nastier of roReiteratlon 
oyules. 
Heat Trcafeot 
Alralnliin irietnr>ml^nmlm nmi^ lf' mm at «Hffer©nt 
te'!ap«»rat«r«9 lo ^^  »ufflc tor 2 hour®. Th© lon-exchang© 
o®»»ct,ty for tt»l(!K!ty#3iii0te l#ti tlic»n .iUstemln©'" fey oolttfBi OfJorRttoo. 
'I'he re»ult» ftreaented la 
T^ BI.E 7 
T 
o^ -Mvii. NO, CAF-city 
1 m 0.99 
2 do 0.99 
9 too 0.«8 
4 150 0.78 
5 200 o.ee 
6 500 0.55 
»ta»tntjr 
0*5 ipn of «1 nutntins irtoihiiiiol»a1iie wee i^ a^keo for h boors 
to solettcm® In wf><©li H » <!t®»oltitl«i wa® to fh« 
flwomitf ©f slofBrtnluis trt#th«fiolaBtnf> re'l^afsed tnto the 
Bunc'rmtmt tbeti f1«t«nitnfl«! ®f»©ctrophot 
with altrstltian (12) efi^  alnlxyflrln (13) raf-t^cxlB r©»n"Ottvf»ly» file 
rf»5'ults arc stiotm in Tnlile 
fAIHi' 8 




i Betonlxei wt®r 00 00 
2 IWOj o.nw 20.25 
5 55.9 
k 00 00 
5 tm^m 00 00 
6 00 00 
7 irnio i^ o^iw 27.00 55.5 
i MR^OR 8Mf 00 00 
t f f m IN 00 00 
H7 
mwtn^irnmmm 
M^trt^im were eerrtsi 001 fm wrioiss 
«iit<iii«! ii|r t ^ If vm 
whti^m for % liofnr* wit^ mf $vy aS«tilfiitMi tirl»iiitiiiil.®i»lfi@ 
aac^ toag®*' ® eewite»l fl»isrtr e««iit»tBt»i tfce mluttmw in ^slcii 
11© at»«©l«iltais wmm tSmin& te Hie ^©liw® 
W mt tm a l l mmwi, thw mwem.^mt llfwit:! wuv flratR#« ©ff 
aa«t tii«! aiitdii ««!it#iif iww®liitnf tftiif «iilittto«i iMmm ms 
i<it#f»tfi®ll» fte© mtmm mm nal^wlntM thm fmrmtm 
w b w m f i M i F tfee « f a ! i t « « % # f d r t tils'* m f t m w t l s e 
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2 $m of aluatBtim tridtl^ Hnol-cwlfic* tnkoii in n glAff* 
QolmiB linvltie a Itolgtit of 50 o« ana dtaa^ter 0*69 Tlift 
eolwm WAS vash«d thorooitlily wtth dteioitlsed vatcr and a atxtiirf* 
Gont'stistnir itH:Oim aaiouiit* of ®iit«m solotlonw wais tr.'?ii»ferr«d 
onto It , Mixture was? to be cItapolvfKl on the axolianfer 
ti^  r«*»M»f'tf«'<9 r€»oycH«Btlo«» Tt ita^  sifen to It thint the c^ lutod 
fraotlw! ec»itafo«»<l only owi? oowponefit of tli«» wljcttirc. Tahl«» 10 
f!«*l»lot8 th© fsuaiititottve »^ F>araf.tOii of anions on the exohfrnfer 
oottKon. 
2©te 
Th«> rRtf dcterwloafton •hsh^  nf»rformsMl lyy ^ t c h i^ rooi^ ea, 
0.20 of tblooyaiiat^ was abalt^n with 0,5 of 
the exohaiiger ot i11ffer«nt tnt^enrr^l® of ttiae, ai»imt repntnlni 
tB thr solotlcm w8« tbait d<»tefiititod, T1i<« r<>aolt0 are filotted 
to ftgoro 16, 
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FIG. 12 
( a ) SEPARATION OF SCN-SO^ 2-
(b ) SEPARATION OF I -SO^ 2-
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H , 0 
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FIG. 13 
{ a ) S E P A R A T I O N OF I ~ - S 2 0 3 
( b ) SEPARATION OF Br - C r O ^ 2-
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FIG 14 
( a ) SEPARATION OF i - C r 0 4 
( b ) SEPARATION OF Br~-S^O|-
2-
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FIG.15 
2-(a )SEPARATION 0 F S C N - C r 0 4 














AO 6 0 80 0^0 120 
" H M E { M l N U r t S ) 




QOAHtlTATtVE SEPAHATIGM OT ASKmS m Mmtmm THIitHASKlLcAIITIQI 
'"" V i'"" t "" i " I 
SAMPLE iiBFAnATioii® EtoEHTO AMOUNT mmm' € mnm 
HO. ACHiEfRU hmmw wmm 
(m) (m) 
4 SCR" 9.19 0.* 1 
M mif^m 1.38 2.3 
2 
t" 0,01 M mi^ Cffl •^63 3»35 
o.t n m^mi n j i 2.3 
3 
T - o.oi m m ^ m 




n Mi^ iai 
O.S W MI^ QIf 9.5® 9.30 
t.2 
2.9 
• f - o.oi n m ^ m 3.63 3.35 2.2 
9.1 fs m ^ m 9.99 0.8 
$ 
Br" 0«0t If KII^ C^SI 2.80 2.77 1.1 
0*1 If NR^OR 6*93 « .3 
7 
s e i T 
CroJ-
0«01 If «i||OR 





m 0*01 n m^m 3.63 5.5« t.% 9 
orgoj- o*i N m^oB 1.8 
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PiSCOBSKil 
I t ean t^ fran Tab I® 5 th«t for i[»r@©lF»lt«*to« of 
elaMinitni trlethonolcftfliltiey tlie n«tAl to »mim t^t lo ma»t l»e 
•ntiiiAtfiiNf nt If?* Any altaristion In tlilti raito reouttodf «itli<»r 
to «ll«Mii5?>enr®no® of the f»r®olpit«t<* or In a allil pr«ot|nitattof}« 
To ohecslt t f this iMit«rlal retninv thn awin© group, the quail tut tv® 
t©«t8 for ©firtoon anel nttre^ew p©rfor»©<l. The t<»»t» cotiftmed 
the nrr^ nenoip of thff»<* 
Further evl<1©nc# wan proirldo^ hy f«ir, «ttifHe«, 
^p^'Otrtm clioifti In fitur© t(i thu followlaf pottffmj 
C t ) A hroofi '^ ^ok rfinglti^ frrm ^ tno-^SOf? om"^ 'Attributed to 
the -C??f ?5trf»tch1ni? vthratton. 
( I t ) A ni»«lr h«tw«*on ts to Um C-ll (altnl»atto) 
stretch vtbrati<m. 
( I l l ) htw-ifiloR fr«imf»Boy ^oe to -Cllg-^rowp Ib In tli« 
- 1 . 
froifinpooy rmge HKJO-JIrfWJ *m • 
( tw) h i»c»»k in the froQiieiic^ r^nge tiS0*t0%0 en"^ retewiblem 
b^ncitni vlhyntlQii. 
( •) A p«Qk In th« frenoewoy rong« 1770-1780 In doe to 
C«o •trotohtng vlhratlon. 
( •!) A ponfc at t» b««»o»e of the firesonee of aluslnltm 
Mtal-OKyiKMi hondliii* 
froB tb« nhovo olhoorvatton* it e«a he tnforrod that th^ 
witorlai praotf»tt«tod Iqr almrtnlim nitrate and trlathanolcanlne 
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•till r«t«ltti> the nvlae sroup* Tb« re»tilt« of tbe ooi^f^ttliKi 
«aal|^tt» that two iiol«««il«ii of trif»tliaiioI^aiitii« ar« 
tNMMK! vtili one at on of nlinilatwi. Thnt tlNic* linkt^ge of netfil 
with trtet!i«ii9lc^a«1iie oocarF throunh osygcm atom ts tB*!lo«tedl 
by tb<i pr®««iio© of a C-0 »tr«?tohtn£ vll>r®ttoa f»«alc in TR speotrim, 
Ttita was further c«mftm«^ irtieo atxini^ together of alna^lnlim 
nttr«ite- solatlon tli»t of trlftthyl-a»tne andisr » l » i l a r 
oon^lttdiis sliawee? no pr*N>lf>ttatl<m, Purtlier rejs^ irch, bQwc>Y«r» 
fft np^^o'fl to tin«i^tj0t«mtPiy elt icl iotc^ tlif» fonnila. I t e m he 
mm from G that ttoii aiifa»i-©*oh>'>iig© «r'p»etty r nge?- frcws 
1.0 to 1.2 meq ®*c<»?»t for thto»«lf»^i«te tons' whlfcti hfl!s a 
o®f»Rolty of only t>»7 flitfi way prdbr-hiy he to It® 
co^pcrntJwly lari'e tonlo Thc/ll'*' group lficori»ar«te«5 with 
the watrls isoBPtlily soootmtf for thr of 
thin iB®tertal,, 
Figure I? i t w a ® plot of ton-flwclianis© oapnotty »ii>tn»t 
nwribisr of rei^enerfiiion eycloa atiidted or»to five oyolea« Th« 
Alight loaa In tb«* oapr«>ity t « ot>«®r*«^ after oyole. This 
aiiiganta that the aawe ooltian of thi^  lort>e3iohai^er m j he oaad 
agata and again • 
Hie |»otenttoM«trio tttriitlun ourre (Flgere I I ) shows the 
Material to a Monofimottonal anlon-emehiitiier* 
Tile reaolta of beat trentimit ahowa that the aiatarlsl 
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FIG 17 PLOT OF ION-EXCHANGE CAPACITY 
AGAINST NUMBEROF REGENERATION 
CYCLES{FOR CHLORJOE IONS) 
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tfrsrtai t««i^r»tar« tiit» mhmi» that the «iit*rl«l aloaiiiliuii 
t r t « t fe iami l « l ioal<! b« oitf*^  fts an a 
ttmfmmtnn litlow 100*e* 
Tii# r««« l t» tn Table 9 for th« «t«l>tlttr of 
0litiiliitii« trt0th«[|io]ciiati}c In varfoois iiiiMr (bat tb«« 
fBnterlal Ib stable tn orgmic notwentw. and in aetitr^ l^ 8<iii«mi« 
ffolutionfl. AanonUiffi h y d r o x t ^ e mrt ito<Httii! h y < ^ r < « t d « o f i i o 2 M 
ean be tiiifely uftcid* To etrimg acids, however, tbe net«r{Al 
CA|40W« apprcHBlablfr df » i i o l t t t i t « ani» s b o a l d b e a v o i d a d , 
fb® rdnults of tb® distribiitton bctbavlotir of tilfferent 
i»rr<«m!» on alutDiRiti» trlf»ttii»iiol awlnf* arf f»r»! !n Tablr 
I t b«? apen that IC^  of ? Imo^ t^ 11 tbr> rmlona «r«' tbo 
lergeat in %r»t«r, bwevcr, nppr«*ctfb1y 
lowerect whf-n a fnolutton of HH||GB wn® ut ed for eciul Itbrattan, 
fb«» reanltB aiao fsbow « in vsjIu©* mith iiicreasi? in 
cotio«ntn>ttot} of iHMRonliia. hy^roxMem 11i« nMitertal,i b«ii i i a weak 
anion i»«ebang»r, i>oaa0«a«f) a blfjh affinity tmr by^ttiayl tcma 
(Mirt beaoa to tta pre^mem tbe 9th«st ant^jna »boir l i t t l a iipt«>lNi. 
OB tb« baale of large Aifferenoea In valtwa of varlcwf 
•ntona In <1tff«ront solvent ayaiewa, a mnrtier of •eparattona vara 
trla^* fbe •aparatton of SClTfWBi 80®*«id CrO^, 1* f r a 
Sg^^'t C'gO®* bean 
MMOeaoiiillr oobi«v<t« and are eweertseS in fablo 10« lUe orAer 
of etntlon an^  eloiMrta it ted are abourn In fl«itrea I2a«19b« 
H i 
ni« •^tltkrtMi ttiKflM plotted Is ftgiire H •hm that 
Uim •^tllbrtim t« att«tM« in %0 idmite** Sooh a fast •fmlUbrtm 
t« wltli otiior tnergnnto ft 
tai«r«for«t ^ lftf#rr«<l ttial tfecr tntroftuotloii of .m aistnc grmp 
tnto the oHitris of an taorii^nto Mtnl oactd® not only alter* 
tlietr seieetlvtty for •«rioui« antonit hut »l»e Irrtnga aijout » 




2. D.llrtts mna »f.lii0ri.Kiiol«Cli@«.i 3t, ?i6l 
(S969). 
3. aiMl T.Tt©, I0ii«l«i 86, 817 
5. J.P.mwet oml .Aitii»>li M Ctil^ lea, 6% 
C.n.AiSplilett, Tiiorinnto. tm Plf-^ cvlipr, 
7m jr.p.tBwat an^ l W.fiiliRlt .%nii»lt PI Chlwlef?, imi* 
8 » P , C , » s T u t - y i " ® p i o t ® « t , C l « i 9 H t « t H i r t e l s p r a w l I , 
25» 1757^ ( t W ) , 
9. Frl.t« Spot t» Tnorfnole Anolygls, flRtviar 
10* ri its fetgl, Sfiot ts Orgpate i.l0€irt«r 
mmrtrn mst, nm T^m n (i962)« 
iI.itrttffoNI and P.r.Vyati, 3t9-2% Cl9%5)* 
r.P.SiMill moa C«f«Bn«ll« Qnlorlmitno Mttieao of ^nalysit, 
ir9l«fV» Site ItTy 9 n9w%mm« 0<»MpBor tm^wrtmemtm^ 
nm 37 (tf5%>. 
g R A i* T H J¥ 
liitMilliM A;. 
GHf.L^-r'fMj mp m 
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Ifie Qtifilaie iraim oitenttcsi} reoe»ily« 
fte© prepawiiliwi aiii fropertt®® of ohelatlBg r®®ln« an*:! tli@fr 
inportaiMie lis ®0|i«iF®itiio SNOleoe® ®r® r»portc?«! vt»« polystyrene 
befiea mime ©•ferirasft^rispliipti.i'fioise, bcasi^n© 
Btfrene resin (3)t tfeli^Iroolate etoelating resto oartjoxylstf! 
(")» otielattfig «jwsliafiger Puw^ sr n aeylcftienylclivflrojeyl 
aalrji?® (•;•>), Ta tlsi© Qm^ltm^m tm€if»n€s%r the -mterlaj f>ij|tsv#8 
sifflilnr to t!i«« m.^ omt apti tfjc^  tsetfsl ioti unn tj® 
fro® the Qolum iBBvim, oewplcf-s-lfi^ f agent* flwcver, tti© 
l»o©ailiility Isof? siof t^ertls l»oiEi;')iile ©t^ elot© 
''isCtvI «1t©tiiatiol-a®tiic t#op fauns'^  use fu l f o r the 
pennraft^n of B€m«* oatlcws (?!# fmlj f^ -fc.- tucirf^ -'atc los-exotii^d^r® 
rcmcirtefl lr» ttw lltfsirtsttiri! »fiwed e^ ceh «fe 'flie 
o^  xrCtvl f^l, nfTtf ) fill' an^ otlif^ rs 
( K - I S ) l i s v e l ieeo fotiiifi t-a ©tiloti t t « l t : f v i « ) i ! r in 
lew- rafJif* arterial® were? fmW'i lasfelofi. In tfieir 
sta^tHt^' tfi f»a«lQ fiolatlonw. «oeli r llnttetIan tisfj «»®tr!ot®f1 
ttitlr ftJ the ss#p?»wiftoii o f nnlewis in l)®»to To overe«»® 
thowe lf»ltatt»nfi «»ffOPtG were for a fiilielaf tn^ l<Mi««jt@lt«fi!t®r 
euftilfelttfii «i«^tioterlc ol»ara©ter, Tlie eatofe'-iifer propiir®^ 
tfioorporatlf^. irieili^olat^wlii© rvroop <®to the »atrts of tltorttsip 
muMern Hfei® aaturl^l ttiorfua trtottjeiiolsasiiie »»» not only 
111 liri»to meSin feut th© »opanatlon» of ®isl«i® In b o s l c sisdio 
AQd tibat of oattonv with 6tr<MSi ol te le l tng mgmt «ror@ a l s o 
>oo«fitItF oelaleiroi. 
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S H E E S E ^ i 
M2ESS2& 
As «l©eirto t®«f>®rotare ccmtrollod SISCI gfoiiifer for 
irtiakin^y ftotiMSfi mid Loob speotroalo 20 for spi^trof^oto-^ 
jaetrlo detervtiifttiocs ont' Heo i*! Bietor mwiel 11-10 (Ted!a) for 
pf! ra®®iiiir«i»©fst» wr0 
Reagent» 
ftiorli« lallrete 
w©r® used, otiier ©h^Biioals were of naclytfo.nl ?rrat1e# 
Thorlora trtettsenol-Mtiie wee tiy mi'sUm ® m 
nolMtton of thoritMB ottretc? mH a fi^i M solitttOQ of trletfiaaol 
0olutioia tn iflffereot volura© r&tion mn shwrn lo Table i t , 
tti@ prectptt®!;^ «llow€i«t t© for lioore ©t roo« 
toafveretore (25-30*0 Hie prcoipttete mob we^hod with 
detcMftizecl water hy deo^totloo. I t f i ltore^ off aod ttien 
arted In an m m m'H mmm li®pt in i»lr for 3 tb(oor«* ?ti# c r^ti^ d 
prodoet broka dom tato aeall part lei i>@ wtien tnneraed lato vator, 
exoheoger parttolea were veahaiS and oomrarta^ Into the 
lir^roajrl fcnm Iqr keaptng In tbe aolotton of 2 M @o«!l«fii bydroxida 
anranilflilit intarvitientlsr reptmsing t^a «ai;»aniataot llfinld with a 
fraali sodiwa liy<9r«xida aolaltaa. ft was finolly waaboa witli 
(Saloniaad vatar an^  dried at ^ 
115 
TAMiC It 
emPiftmB or mmpAfiMftm cr monxmi fmr:mjmm^jmm 
'"""" i"" ^ "I"'"""" 
bawm mmmmnf m' stmnrnfi mnm 
— mu'n: 





O.ld i f i tlo fsreet pttatlflo 
1(2 S® preclpltnttiw 
i l l mm pmolpitattm 
0.1© ftilels prt?e I pi tetlcn 
0,10 o.to Mild {ir©olpttati0B 
f»,tQ a., 10 
ls5 M© piwlpitstle® 
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mtm mmjmiOitty of trl«i!^»i}9laiiiii« 
oolfmn a^or^ttoo* toii»i3afotiisii|!^ r if«ttliifi^ 
one graa we® eoav«>rt«d Iti ihe tf^eirei form <i»hlori«le« 
tliiacycHjat®, tlili^QlpbatA, «ulii!*»iit«) hy trmtim wHh 
•olettofiei of salte of (^fffer«iit 
aaicmii* flit ©neferjni^ r^ plm&mt tn tlie •oltiw wttli 
ftofiport* The ooliiiwi wm wmft^ H wttfe ^simnim^ 
iscMtfiiR wttrfitff im eluesit, ftie ©ItstliHi rate 
wJiB St ^03 ml bHIii'"^ * ffie «!tt-:«i-oscef)iE»n^ @ eat^ selty 
for wilf^ feat^  inlrliii the in 
torn i*5 « ©olwm. fti» stiliiltate tonii i^tre 
f»r®«l«lt0tt-;»} wttlK feariwiB ««<§ then li««tlt titrating 
tb« «xo«e8 of %«rtti« toii4B with 0»lll ROfA solution* To deteratno 
tbo Mita«i «i«liatti« •ep«i«ttr of liollde lout tha oxoli^^r 
ftrot oonverto^ Into form ana %hm olattnf ft wtth O.lll 
•olBttM of ^Qftaootmi nttrato. fii« ti«lld« tooo ooStootoA a» 
•fflooiii %roro <f«ior»lii«(f tjr llofir'o sotitod <15)* «t<tto4 
thtoijfMioto l<Mo voro titrototf asalnot allvor nftrat« aolotiMi 
«•!»« f i iv l « tttirafa (tn ^ iittrl« aoltf) •« iii4fl«alor« Ttito* 
•otpliato ton im» tfofomlnoff fotfoamtri^ellF W ttirattoa ognlnot 
O.tfi TOlpltato aoliitlon* 9li« mtm OMrtiaiiKO mpmttf fnr 
tftfftrMit anion* aro aiioifn tn Ta%la fa. 
11 f-* I i 
TAm: ig 
EXCIIANGS; GAt'MiVir OT IfmuitJM TttlKlflAW-AOTmr 






















For ttiK moyolta«tiasj the ©xchimger ^m aonvetrted la 
olilort€le forn l!^ 1 sodtoii •oltitta«i ©iwt thou the 
Miioa» were eloted with 1 M attrate woloitoii. fhtfi! tsfolti 
was r&p0mt0^ for ftve times, the union embmge o&pmlty twr 
ohlorttfff tone after ®«oti cycle wa© fotmd to O.SO, 0.74t 
0,69 Md 0*64 aeq*! '^*' reffpeotlToly. ttic ftgnre 18 shows • pilot 
of salon ew f^iBgo copaclty irorsue auatier of regcmorattos ojrolaa* 
Eaoiiaato Copaotty oa a runottoti of Goooeotratloii 9t 
EiBttog mmsm^t 
fott*«xohafige oapaottjr of «oat of th« tnorgaiilo ton* 
118 
0.0 
t II lU JV V 
NUM6ER OF CYCLES 
FIG. 18 PLOT OF lOH-EXCHANaE CAPACITY 
AGAINST NUMBER OF ReGENERATIOfl 
CYCLESCFOf^ CHLORlOe SONS) 
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lMilMAi«y» ^pmSUmt t& »mm mt^t 011 t M voimm 
of tlis««t %*lat w^^ k e«tt4iii or 
r « r 4«t«t«i«lag tlHi •pitMi •wikltttm for 9mmm^mttm of 
#&o«iit f pi tliorlMi trlofliaaol'Wilo® in ibioeyooato font vm 
tokMi ttt tio eolMn, 0*01 »» 0*09 ti» 0«t K, 0,9 t.o n^ 3,0 ii« 
it •olttttowii ^ oodlMii ttltroto woro iiooA oo oliioiit* fko 
•letotf fbloojFMMto 9o%n%im mmm tttrototf ogoliiot ff oilfor 
ottfoto oototioii. IfM iroliMio of ffifflneiit la oil of tHo ooooo 
woo ft»»« •• nm flio ffoottlto mm ^mm In Tolilo iS tm$ 
tlottoi i » ftgttffo t9* fUtoofoooto ton ivm oliooon for ifea ooko 
of Miootli m6 foint iotootton In tltrottono* 
tjawf p 
CAr^ief fir or siiPfiie mmim 
MB A mmnm m ^Gmmmmm 
r -t '' 
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F!G. 19 ANION E X C H A N G E C A P A C I T Y A S A 
F U N C T I O N OF C O N C E N T R A T I O N OF 
SODIUM N I T R A T E ( F O R T H I O C Y A N A T E IONS) 
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Hrffilfi ffgjf IM 
fm ^utonilatmg Um mwp^^^ oanMilty watglitiit 
Mt gp* tittcMi In ••IwM^ tli« fsttlUMiicr m i tboroogiitr 
•iwfcei witti iiit«r i t l l wmmm tf iMiiffr i«ii» mm 
R « E M « E 0 * 9 N ENPA MTFT M MI 
•ffttMwt* irar* fa 10 ml friMittoii* • i«ii« of « l 
fMr tlMI a«tmlMltt4MI #f t«Mt tn* •fft««ttt t « tlM 
t P M t t M wMi trwftM ^viitlart« asti mM mitrf i « ilM 
v»l«M ff«H* At 8tl to tfoooMjjitoo tli« efg^niii notior (tOtAU 
mm m l M m w«« « f » i » m t « i t i l l • •« l f « t « f l ^ •olnitoii 
iwitiioA* f k t » wmm d«t « i ts«A witor* so<tf«i 
momtmte trtliF^rttt* oiSoa to tho M k o r boviRt ttoo •oittiioA* 
For ooppor ^ •otottoo tifyntoA 0«IMt IIIIKPA 
•olM^oB of fsff «•< M toatootor, Hio •wrpHm 
•ojpoet^ of tliorliMi w«« fomtf to %o 0«1fi 
fiti l ifti 
flM olMaloai otoMlfty of ilMHPloa trtotlmiolaOMlM miilo 
woo iototviloo^ ipy Aiilctoi M m emhBrnmr fmt four Hoiiro. to 
foopoesivo oolottoofi to olitoii Its atocolntitso woo to %o ohooftoi* 
tm iHo oopoiwitoot U^^ ^ oMMt of mmHm woo ^toralooi 
^ tltrottoi Ot*toot il«et » oolntloo of tmjk i^tlo trtoliMMi 
OMtoo woo dotomtaotf iqpootv^plMitOMtrtoollr tttaHydrtn (!%)• 
flM yooolto mm mmrn to M l o 
122 
mtjaauff m 
TWK i i 





u 00 m 
s. ffttHd (0«tO n\ 9»00 11 
f* iB^we^t&ne M t O ft) 11 m 
Vhmj^Qrio ml0 C0*10 W) 00 00 
9. But^uHe «ei« <ll«to If) 93*80 m 
ftrelsiorte M»I4I (0«S0 11) •.Tf 17.50 
Mette (D.tO N) um 3*90 
r<if«l@ «etd {0,10 It) 0*09 1.50 
9. mrnmAwm ( t If) 00 00 
nmUm W^tmA^ ( 1 W) 00 00 
tt. mwft •fMk no 00 
Id* M r l aleoM 00 00 
loo « t thortiMi irtctlMNMlTMla* mm «tiNl^«ti te 15 
•t amwgim* t% w u 100 ml in • »tMMlwNl tUmk wtiH 
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iMit«]f« f1i« mmmml mt i^mrimt i » tft* selvti^i 
MM I f «fc«l«Ri«trt« tttf«tlfltt » «t»f Ott^mi tw^toctor* 
frl«llMn«loMiiii} ^fvMt tm nm mhmr iMMrtloii ef •m^t* 
f t r tlM 9»%%am%m • lni«Mi ••imt 
of tlM •Mq^ l* vM t«li«fa MHI Mlwi^  witii lt99 «l3ft«r« iQrtro* 
EFETLIMRTO M I A OIIIE^IITNTTTOA MT^ TLM» MHIIMI 
^mtemtvmUm is x M«a»l«t/tttr«» f » • t « I •llnmit, 
5 at of i^fftaiM 8 iA of iiliriiirin l^ii #oI«ti«K la fooyt^ 
DMoi mmt9 fii« fio&iiticiii wot dtiiutod to 10 v im ttff 
iijNiroolilorte ooldy toopropottol vtstiiro* ft tHos alxotf mA 
iieetod for 7 ntnoteo of flio o^nov^ anoo woo wm$ »t 979 api* 
fkoriWB trla^imol mAm iroro fornix to to sole mtto 
of ti5. 
to olMi«lt tlM pro«o«e<i of Hlffovoot ooaotttiiostot ^ 
ir oM^lo woo oiibjootoa to • (potttottiro toot for 
Hwrlwi (19)t mMI a t t r o ^ ffioriwi woo «oiooioi 
t r tlMHrtii* mtrogoo «oo aotootod wttn iMMOfifoo oolottoa* f ^ 
tilt loot of ooi%«« lun^to^ •tltlp*«« of otiiror «r«oiMi>to «ovo 
wiam$ i « o atloro toot tol»ii wttn tto mtM ooaplo to tootoi* 
fto alstofo «oo oovorotf wttli oa ^at l lgr ollvtr oroinoto 
oai kM»toi' iwr t IMI^ mmr o vtoroliMwor* Aftor oooltat • 
•r two of ^ o oolottoo of plMNiflieetiiyMto oot^ to oMoi. A %i«o 
124 
eolmur wlttetB a ist«i»t iy of tli« nelwir 
irt>t«tii«i M tli«» qoaiiittr 9t %m ilie 
I f i l .f i ifi i i i i l 
flMrlwi trt««liMMilcMitM m i ^ U wm lw*t«# 41ff«rMit 
tMq^miiirtii la • aofftfi fttinnoe for S lioem* flie mtoo osOlbaago 
o«l>Aot^ for tUtoeyoMto ton ooo tlioii aotmifooll Itry eolmM 
opemtton UMI oopootir At tOO^ C* soo^ 'ey 
9mi*e imo iOoiiA to %o 0*311 foopoo* 
tlv0ly* flM wmltn mm tlotto^ flfort i ^ o ^ o t f lit 
M t o 19* 
mmjOL 
mtmJBmum& CAg^Miff m mo^tm mmmMmcmtm smmB 
sr mmmmm mnws mmgMtmm ma mtmtmAm tmm 
""I"" — ^ — — * 
Cjo) 
m «•«! 
i t Oftit 
im 
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T E M P E R A T U R E i*C ) 
FIG. 2 0 ANION E X C H A N G E CAPACITY OF THORIUM T R l -
E T H A N O L A M I N E AT OlFFcRENT D R Y I N G TEMPERATURES 
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mmMssLMsmm 
Por mkwmetwiwHm of tlw •atliaM««r 1«ii« »tii«t«t « « f « 
p«rfaffM^« Tiifr& r<»« tpaotfiM df tlwirtaH irf^tliraoloMilM® •••pi* 
warn nir aiM* ni« ntMltn t»m preesetei 
ffgiirt St» 
IffiUfiipff'tf* 
111* ^MMMifitiiili oaiNMilsr mm* 4«t«s«ts<ii t r OOIWHI 
mpmmtim^ Sdlttttoa* of o i q ^ r nitrate 03«t«t«tiic vs/tH iil 
thrm^k m mtmm irtt!^ i of iri«tii««ol 
Mita« m i t* ifoot utti^port. ffii> ft«ir r « « « wts sHlttttod to 
0«9 9li« mmm% of 09pp«r(lf) o o l l t e M tm ««oti 10 ml 
trmtim m»9 ^tofvlooA* fli# retiilto mw iMMirlsod In Tidlle H 
mtA flit»r« a9» 
l»oioati«i»trtc tttfattiffMi 
tttMtt<»i« of thorlQtt trtotiiAiioI^WilM i»«r» forfoimi 
^ ilMlEiiii pi of oiiNntor wt m oolotioo of lyiroltloHo aold« 
•sIflHirto aol4 mA ttttrlo oottf vIMi tlioir myootlvo oolto Iqr 
fopp osA tmffw a e t M (I7}» fOr iii#oo tttmi^yiw 0»t H Aold 
•olttttofw «ai 0»f N oRlt ooloitoiio voro i o M to OMUI • vior tlMt 
«IM totol v o l M vowtnoi 90 ml to OMII oaoo* 0 * 5 m «i»ortwi 
trioHMtaoIcMiloo ooo o i M to oMi owitoiPl ilrnm OiHtotottti ^ 
iooottoo i^sloio* f i o frit of fii<» ooiotton oftor ^ M t o t for 
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FIG Z Z BREAK T H R O U G H C U R V E 
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© SULPHURIC ACiO-SOOIUMSULPHATE 
o HYDROCHLORiC A C I D - S O D I U M 
CHLORIDE 
H WfTRiC A C i D - S O D ! U M N I T R A T E 
1 JL X 
0 4 8 ! 2 16 2 0 
V O L U M E OF ACID i O . O l M ) 
FIG. 23 PH t i t r a t i o n C U R V E S OF THORIUM-
T R I E T H A N O L AMINE 
131 
S U K i M l B 
tli« dt«trt1Nitl«ii for iHitdna mttme v»r» 
i»ffrl«i mt ^ iMt^ t ttt imioiit« or e«tt«»l« 
•ol«ti«B ««• wl^ flit • « t t i i i « i til miilli SifttHMlMi 
of til* ••mwger iwrv to %o AotofBtnotf* fflMi fliMil 
voIiMM ifilo kofit lil is oil oti»«o« flito oolottcHi mw oliiifem 
villi 9*9 AH of osolmnior e at oootoal flook for k Hour** 
VINi o i^offvotant noo «roltto« off M tlio oaowito of 0»t0R0 
or ootioiM roaoltiiog i » oolotton woro ^fofttlmoA titrlaot* 
rloollr* flio imlooo wort Mwo tfotorolaotf W oolog tio 
fMalo 
IzE « SL. ,1 
iflMiro t oo« r firo tlio oolmw of t i t r ^ t lioforo wgi oftor nm 
oiptll^rlas* fHo mitooo fwr antoiio to dotontood ootor tm 
mtUwrnt volar oolttttoso of m^oir or« reported to f M o 
mwm I f 
a n n m i t i f l i fluiif iffin^Wft m i Aiiiiifi s iKIfmWWmlMtWwmmWfm WlPPw w •^•WHPIWw iPW 
mM immm 
#•0(11 If m^m 
* ff 
m m^m e»iff II iii^w m^m 
i m m n m m 
• W'lf'flBtflS ati wm m m m 
f m m m t f m 
i fltt«i|nNiit^ lai m ft m m 
f mfMAylMt* 2tSII mm m m m 
i WMkmmtn M t m m n m 
f m m 33 
• t t t wm m 
f f i ^ m m m m 
m AlPWWSlSS m m m m 
i t HrwMii* M i tm m i f m 
Ml O r w l t tm m ait tf 
m PWPVtHl^ lMift^  m » m f t 
m I WIBMim vw w m m i t i t 
m fts f i t f f i i Of 
m m m m m tf 
I f Sttlftlttt* m m m n f t 
i t m m i f f m f i 
m IMfl^ jjliMtKlMI m m i t ! m if 
m l^ ffWliiiMPilNI m m too f t f t 
m fimgiiicit m m i i i m n 
fAA* • fmrnt iidMVfMift 
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$ H E J E 
vtmmmm Mmeirom m wmmm m mmtm mwnumm^-jmam 
• 1 1 
M M emmm §m 
•f 
0*001 II mh 
i 
0*009 tl umA 0*01 M KiltA 
^ 1 JJ III ,,l ,J 
0*0911 
i l ifA 
m S3 n 00 00 
m 00 u •9 00 
m # i so 00 00 
m 00 00 00 00 
m «oo to 00 
H i ' * m 09 09 to 00 
m 00 00 00 00 
m 00 00 00 00 
m I f m 00 00 
tm t3 n 00 00 
m 00 00 00 00 
n n 00 00 00 
n ts 00 00 00 
n t% 00 00 00 
m •0 00 00 00 
m it i t 00 00 
n to so 00 00 
f t 10 19 m 00 
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Or mm tNMil* 9t l « f f « tftff^ffvMM In «t«trt%fittoii 
•••ffietmt mtn—^ • ralNr « f wmpmmttmm m m trl«i* w igm mi 
mmtim trle1lMW*lo«el»s im nttrat* iwm w— %§mm im • flats 
Hairtsf • 30 mm mm «tMMiter «•!• fiw 
«ilstiif« •0iif«tttl»g iBMwa aewwits imtoM ••f^ iiiwtcd 
tff«tt«ftiT«tf isnto tli« ttolasi* fli* •oltitttm WAS r^peefftily 
tiiMgli 09%mm at e verr fttoir flow rut* allow ^ m p M ^ 
•dswpftldn « f ^ MitoM* te Ml frftOttoB« of tlie mmm 
•ollf»ot#it a flow r^tt O.S at flM oaeeat of aolono 
pioooftt t» «o«li ffootloa imo a#ttrwtaoll ^ otmiaaHl •offtotli. 
flM ooMi |Mroo«iiir« wan afifiltod for t ^ ao{Miratt<^ of oattooo* 
flia oliit^^ froottoo oooiatnoi anly ooaponent of the ntxliiro* 
HM oaiiomttoiio of Ci^ g®!* f i ^ CroJ" frmi Br% ftoa 
trmt t r " , fiwi t % fraw f « i « 
•opamtlaoa of eii(lt) froo H i C f f e o ( f Y ) IbnM K|<ft>* 
Sr(If)t i%Ctt) froo m d l ) aafl l%(tt) 
SrCtt) vara aentoiNid* HIO ottfor of alotlon m i olottoo ovrvoo 
oro 9»mm to figmrao 8ia«.a7 ma m^^jm a«4 Hia ooprnttOMi of 
MiioMi aM oattoaa ato ftvoo t» M l o o tf aai ffl i«oafooftlvol|r« 
ffM fota ooa Morattto« W Mtok proaooo* 0*S0 • t i l t -
oi«lvalattt« of ttiiooranate woo mtimrn wtiH 0*9 in of ^torttm 
trlatHaiioloaadliia at diffaraot iotarvola of ttiio* flia aMOWit of 
ttiiooraaafo fowtoloi in aolttttan mm mm iotaisloatf* fHo 
roaolta oira iivao to M i a i t miM ylottat to ftfoto 3t« 
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jyit 
m A M f i m m smtmm m mmtm ftiiimm-Aiftins cmjom 
no. 







C i « ) 
U CroJ* 0.10 If MR^QB too 7*10 « « 9 0 
o « o i If Mrj|0i 8«9% 8*58 
0*10 N MB^Off IdO « «60 2*5f 
0*01 N lIB^GIf fO 5*01 8«97 1*58 
3* 0 « « 0 M Mt^QH fO n 3 3 1*50 t*8f 
r O*0i It l i ^ l f f t*90 8«08 
i i« i0 If m ^ m m 5.59 S«5f 0.7* 
m T 0.01 II m ^ a i 3.01 0*99 
f* s o j " 0 *10 M im^ai 10 1*5% 8.90 
W II wt^w 3.01 8*9% 1*99 
too kM kM 1 * ^ 
r M n i ^ a i 90 2*90 8 « 0 i 1 . 5 t 
n cro®- 0*10 N m ^ o i <10 %m 0*99 1*15 
r 0*01 H m^m 90 t «90 8*0i 8*79 
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m&M 
mmummm m etmmm m mmtm m»9»AmcAifw m m m 
1 — i • I r I'"" 
N f u m m m m t&mtt mmmm m m m m m i t 
Ml* liMli^ f M S 
M) <m) 
t . ^ < t t ) Mi n msm o.To o»it 
mitt} M t t t l a t A m Mt 
t* coCtf) 0.01 M MMA m ^.n 0*76 t«9e 
tl idf) iMt«r m M t % 
9* l%(XI) 0*01 H EDfA 90 12*01 t«%(l 
IMi(tl) Monl i i*^ m U w 110 (i«#f t«9» 
a « ( n ) o.ofwttfA fod 
« r ( n ) Moitifi«« iMi««r tm U3* 1*10 
f>b(ft) d«Ot tl K»fA 
l « i ( f l> mtrnUmA m%mt 90 0*30 5*10 
4* f^(fi ) 0,01 N m A 90 M H t,«o 
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jBStiLJtiL 
mm m tmmmm m rnimtmrn tout 
nm 
1 
miTtM* mmif m ' " ' r mmtf or son AimmiB 
m 00 
m 0*00 0«0f 
10 ©•09 
tf 0*90 o,to 
so 
m 0*90 0,1% 
m 0.tf 
too 0*80 0.1f 
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f t in ctmtr ftm m t e If tha% tmt tl)« fn^lt^tt^tlon 
mmar wm%&% to sotm reitio mamt 1m Any alt«rattoa tn 
iti« f«tl<9 of m M to ciiif»« rmtto r»«filt«« «ltti@r In wAM 
pr«©lpit«tl'sti or tn ©f tfee prectpitiata, 
I t eon fe® Bern fmm f<H>l© If? ifest tfee «at«?rl9l f?o»i!«®»«ft 
© gmi^ mim-rnrngsthr^ -me fro© 0 .90 t o O.iS* f t 
Isy thorsfor©! Ittc^ly ttiet tti€f leoorporiiteii irlethan^l nail tie 
group aei|titrc»« n fre^ <a^ mrg% m its iittrci^«ii and! in 
tor the aiileKhMsaQAi^ tif* l»«li«vtfmr of tbe watertat. 
I t in w#rti^w©ntloiittig t''20t tiiorlii® trletisaii»lawif»« 
not any ta^il'-sti ©iwsttwago oof^aoity. thortais »»th®nol-. 
a»fne lii for® Itept In mm%tmt tfltli a s#liitt£)ii of mt^ivm 
o l t m t e , no of R* wat S ie i ler ^sfjcfrija^ot ^ttii 
thortmi t.rf.<*tli«i!olaai!ii« in oopfwar t o w iili«o ®lat®ii witii «wiloii 
fittmto fiiil^A to mhm fmf li%«ratiaii of C « ( t T ) . flowoirer, 
ttio {Mioootitioe mppr99i»htt »wrpttm ooftootty* ll#tal 
ion* iroro ts^tm up hf Hie evohnisgfir aiKl tfio oIottcNci with 
SBVA •olttttoRO* ftio lii«l»tltty of ttiortim iriothini^otitno to tihm 
any tiyclrofOB I t ^ m t t o o oopootty wny rolotoH to tHo |io«»t%iltty 
tlMit ^ r o to tto fiso4l nofottfpo oliofto Htm oso^asor 
Mtttris. flio oorfittao of tl^ e wm%»t tmm took f»l«o« ttoe to tlio 
protoiMNi of ottrofoa otoa of ontno groo^ ttiot offers siteo for 
tlw otiolixtloe iwttb tlio Motitl tono* A« tiM eta^tlity of aotol^iyrA 
to titfhor otiior »otiiI*lti«t»<t ooniiloxoot tro^tvtot of 
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« * i « l •i^aiifer wi th ri^rA ««taoti«« ncitai frms t^m trnohmmwm 
fhiift le biivfiii metrnMrnA ooviplvii* Sorfitton oafiiseltjr wot 
tooB^ to 0»T« in*"*, the fni«!iraiif«r o © ^ t r t « tlw eolour 
•f toff%*tf m t A l tcni* tfhioli 9m fr© ©oairpte miely 8#<iti* Tfe® 
eolmtr «!i»ii«® ^m to fMe •orfttfon of dlff&n^et mtsl 
1.oii» f » slioiiB tn T«l»l® 22, 
siiAficHv m; fis f^ y;; " tm 
m. 
1. filiM 
s. troMfm) l^row 
5. ?flelc«l(Tf) 
r toe ( If ) Mo oliaiig® 
5. CcfealtCtT) ir^ lofc 
6* llor©ttiT(Tf) flo 
7. ffo oltungo 
9. 1lRpiO0tlM(tT) flo olifciife 
9. 1lli|lt»B«M»(Tt ) ttiht lirown 
to. fi trout tMi(YT) Ho oh^^m* 
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Ptgafw ts thotf the rtgoneniticni oyolc whtcli was sto<!ft«(l 
opto tire oyele«» The deiemtoatltm of the; ottpaoHy after 
reoyoling slJoiwd •light lo«« to ©apftotty, fhl® Bugie '^ta that 
tii« *mH' oolmm of toa^sehaiigor may ^e again dud »ialii« 
Ton-exolieniKe capaolty of tnof||«iiiio loo-eswti stigor* 
to nome crxtent on the voltBBo aw^  cooac'ijtratlon of the eXuent, 
Fo ttic comcrentro11.on ctsrv^ ^ I t c^fSBfntlol for oharfietefts'Jti^ an 
lon^iKxch'ng€»r« ft I t oli>ar from fable 13 thnt tbc saltablo 
cwiO'-^nirRtloT! for -n ftaedi volunw* 500 wl of tine ®o<1lii« 
nitratf^ in l^ r? for fhortmB trf«thaiiolcn«lne, 
file n^Kwlf® of of thorltJKi tri^'thanol 
omlne tflv^'n fr» ToliI© 1% pm&tinm.i'r If mittp 
stable In cirg«nlo aail oeiitr-^l aqiieoau ©olMtlon®, Tftse «»8teri?»l 
sbowt rtlBBolutton In strong aoidlc me^Hn, h^ o^cc stioalc^  b© 
f^ odismi hyflroseitle o«woiitti« fiydroaifrte bavin? I M oooomtration can, 
bowever, b« safely 
Tb« reetille of drytof teiip«ff«tor«fi of tboriun trtoUtonol 
entile sboira in Table 15 tii<tto«t® that the oapact^ door©®'®©® with 
tile tnoreeee in drying tenfMsr^torc. ll«tio<> the vaatertel tborloa 
triethaaolceeitiie aoet be oeedl •• en entoo ox^^mger at teeperetoro* 
below 100*C, 
Tli«» infrerei) ebeorptitio »|»«»otnni of thorlufa trlethenol 
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Mitse In f igor® 21 « l iw« tbc f o l l o w l i i i a!bB&rpttm 
A hrmfi peoli miiglag fro« 3500.3500 t « attrtbut^d to 
tb« -Oft streiobinf vibmilons, 
8« ^ w»alc fieak h«it*tmm str^tohiwf 
viftrattoB. 
3. C-C fjtreteblfisf vtbrntl.^n Ib lim tlie frequiwioy 
i6no-f6eo ornr'^m 
km Q-H bentifr^ ? fr©nueticr Ib flue to tlie ?r#*q«fncy r'mg«> in 
5» in tisc frtfrnit^ neT rnngc em"'^  t » 
o?>f»frv©«! ffii«? io C»I1 Bpn^ Stnn, 
|><>.% CW**' It 1»rCiJ0N<» O 1 t>rf:&«lC? a!" U'mrUm 
Kjctal-axygen bcn^ Hnp^ ® 
Fro® the ahovf abf^crvntl^ Hie- I t iw cle-:-'r thnt tbi' esctionger »t i l1 
retnlne ttif tminc grmp* The of cln^'dc -l atjaly«l« 
tbi> ratio of tfjorliiw and trtdban©! bb 1J5« 
pote»tloB©lrlo tttraiionit wore performed 
«rtth bydroohtorlo, nttrlo ^sulfiitotirto a d d wltb their roapeotlve 
salts* f t ie 0l«tiir froa figitro 23 tbat tbortaoi trletbaiiolcavlnc! 
la lif^roKsrl torn bebeviis m HKmof»ractlon«l aiitofi«>@xob»iig®r* 
the ^nalytlool ot l t l ty of Mortem trletbimolcaiiino e»m 
%« o%a«rvodl from ttm bdbuvioor, fti« (flstrlbotton 
baliaTtotir of different anlcma are iener-'^lly high. m l m * 
wore sf^r^olably lowarefl when a solotton of Ml^ Ofl was naed for 
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•ttttltlirtiai ftndttts. A <!ecrefi»e In Ij^ values wliti tti« tiier«»a«e 
la tlMi e&aoeoirRtion of iwnoiiltin hrdnmlde ip yfbm 
evoliMifer w^e plooe^ In 0«1 N SO^IOB tijrdrtixlda^ ^ e too-exoliaiiie 
m i t « n n l showefl litgli affinity tor hyarosyl groape, !!«mo« In tti« 
f)r<»«effiiO0 of bytarco^l grtmp otlier Ions showetl t i t t l e npt^ ^ke* 
On the tmB\B of lorgi? <11 ff©r«»iioee in K^ VI Iugb of varioufi 
Qntr»ns tn f^ffff?rfflnt ^Jolfcsnt f^ syfttew®, mmy ficfiarflti^jna w r @ t H e ^ 
ami ^hi (tvpiUOr^' trm fir", CJ'gfll" ^^ oj^ fro?^  g^C^ I"* 
2 
trrm Hr*, POj" fr«ws fir", Cr^ iJiJ*" frmm f* an?S CirO "^ froia t" 
«<?|Wir«te«l !Haoef»®«f«1ly r^w^  ar« in Toblc 
tHe jlistrltMJtfmi ooefftctijnts for ontlon® arc? lletc^d In 
Tnljlo Por momo ootlonr' K^ iralnec are? Iili»h for the 
other the ^'ipstrtfenHon ar© very low. ^^ 
valne® tilr^ In fic'laniiscfi vator^ itie sllstrtijuticifi l»alia^lc»tir 
of ontton® deore-''^ ®??'^  « « tb<n> conoentratiim of solution 
tnoreQuerU Ow^ nci to tb© large differences ta of 
(!iffer««it o&tianSf laonQr •eparettmie it«r<> ocliieved* Tbo»e 
l^riMitleally achieve wero of Oii(TT), Oo(tT) and l%<tf) tram 
l|g(IT), » « < l i ) ami s r C n ) fro® Pb(Tt) mA Ctt(ii ) from s r ( l l ) . 
Hie ooporatlfms sbowii tn fable 20 are quantitative and tlie error 
ta within adwlaaible error ranga* onler of ai^ 
elnenta naatl ara flbown tn flguraa Si%a-27 (ui^ 
The enolltbrlon atnaiaa plotted fn ftgnre Jt reveal 
tbnt the annlllt^Hmi If attained within 90 vlntitaa* Wor«illy 
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tiM f M t eimiltliratlon imte t^ not tr&m Inorgaalo 
ion Prosonoe of a obelntton group {mine grmtp) in 
thorimi trtethanolcj^ttln© Is fioaslbly ro»poo»lt)le for oucas a f«»t 
®<|tallibrntlott rnt«»* THis te an of Ihortttcs trfethanol 
over the fiolytMietc aclti type of inorgonto icm-emohangero, 
ttie equtltlirotlon hdn(f«ver| wore iara«le by fitfiraklng tlie 
tofi»€»xehmiic watertf'l trtth a particular mnim eoliitton for hours 
f^ TSRorif^  ?»n!,?fl.flirff.iji. 
179 
a£n:K5:NCLS 
}f*OgiiwQ ana If.ffastiisciNicy Talaiii»» 26t 
S. F.YtfUoo Mid Sep«Sel,Teobnol,9 <5(3)| 
3, j.N.fCIng and J . F , F r t t « , J»Chrmmt<mr,, ?53(2)f 507-^6 O W K 
sm^  J . , r r l t « , Aii0t»Cti@n«t 
r.V«nion ftnd il»;:,;©elr"B, •••nfUChia.Aoto, 791 (1975), 
7. nnii Anncl! iihleiten, 
10, ati-:'^  T.Tto, mgnkft /.©fislrl, HG, 1^7 n,<>65U 
tt, and C^h©®,, 
42, W (<990). 
12. J.is.nj^w-t ^w? Annult Clilrafco, 2i|1 Cl97'». 
ant! "^^uf^nttt-'^ Hve 
HoGmtr m n , H«w Yotic, 70 (19621. 
F.r>.fii«tll «at1 C.T.Snell, ColorlaeirlG !!K»thot1? of aoolyfils, 
Vol.TV, Edn. TTT, D.Vj^ h Uontrf f^' Company Tno.tTliioeifm, 
n w Jersy, 37 (195%). 
15. F.Pctgl, 5 pot io»tft In Inorganic analyetft, KlsMvfer 
fNi1ilt5li1ni oo^ EMkar (I958)« 
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16, r*r«i||lt SfKit t<»«t8 In orfimfG analy^eit, Kli»evteir pfil>lt«hiiij| 
ooapansr (I960), 
t7. .Topp tma lC.W.P<?f»f ©r, 5S'>9 
II • ? 
swsmvB sm m E O f i v i cimBiijBP 
stTsmii^'rioii or mm ia^mHTs im rqsss 
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mr% lMportaii<i« ta tii« ftartli 80t«tie««, 
Tii«i»tt« of t b « l r ittolottoal atfnl ftonnt^ ci tlietr vilttmAm l mmlfum 
little mt^rmee rcqiitr*^ for tiio •timd«rdl««ti«Ni 
of IfiotraHontot t«efiiitf|Q«o. ffi«r«far»» ttk« fiii«l3r«i» of the rook» 
umf he taken at on l«port?^tit type of appllcr^ onatreto. 
Hi© elm»mt$ f«»oiir! l» rooite fltirttl^ a t©to ttir®® 
irroopf from the analytical st«»<!polni• ffi« f i rst groap {nclur^ea 
th® M j o r oonatttocnta, the group ccujjprlBes minor compt.tt«ent( 
aii^ the thtrdi groap tnolti<A€»a th« trace oon^tttue^nte* Trae« 
c>l<»ffifi^ nt analy(»ta In rook D<i«f>lea (atltont® and eedloif^otary rooka) 
in eoriPi^erm*^ twnortant b0©«u»» t t helps ( t ) in t1®tf»r!Btnl»f the 
ori.fflffn «n«l htatory of tin© rook* ( i t ) tn fttuHng oiit ttie sotirce 
of trace «>leiiaatey { l i t ) in detecting tt»o cleraents tiaas^rdous to 
tiaalth (HtflSa)* ( i v ) In oowpl@t€!> analysts of rooka, ana (v ) tn 
thm dstraotion of el<e)aienta of eocB^te iaiftortanoe trtm the rook 
marploo* 
Modem aoalirttOBl teohiitQa«a l l k « atoisto eibsarptim 
af)«otroaoopyt flaaa mAwiim apaotroaoor^'y ii*r^y fIii<Mroao«oeo 
mm0 neotron aotivfitt'io analyata hevci for t l i « l r 
ainiot detanatnatlon* Hiara ta a(»oeaatty for woiltflORttoii whloh 
or« hatng 4avalos>o« to take mre of tnt«rfarono«o. High oalQli» 
ooBOc^atratlon prooont in th« rooke oaoaen interf«r«fiooo in tha 
datervlBation of *a A.A.S, Calotuai hydroxido foraoa in the 
flMM has an astoaion with a naxiomfa at 55% twi ov@rlapf»iiif 
tiM •w^lyttoel ttne »t t.»iitbAti«i» too f»t«rf#r«» ta 
tfi* 4*t«f«tiiatt<n of Imrlti* to tht prmnmoavi of !.» 0 vlitoli 
ftf» Rl»«sorpttoii Pt 953.6 nm, »lt»«lB!ti«8 tnterfered tn 
th« d*t«niiiijitloB of olkoltae oortfe ««t»Is (5). Mf»«wf»«tu« 
orsoe^ F toterf^r^neee ti««»*is« It at 535*5 nw 
fstlicon lotcrff're'fs Mtion in the form of hut thin 
l»t#rf<?r#»e«» li» to so l^aw^ Allr^ll awrtals r^i^ueff th^ 
ionts^^ttoii of %»rl«»w stoaio, F®, T l «o<f? i t are fitglily liiterf#Hiis 
ii|r«nt« i7min)m Wtei ftnU ^B »«ff«'r frcw iHstrt* lnt«»rf#r#noe Cfi). 
t t l « to Kiip«riit« »le«wiit» frcMR 
sii?trls;» T!ii» »!«iroloipimiit of mmlytloal »oh«®(B« to 
wtijf sfSjoFj lalnor tr»e«f ele^iMwt® nonistM® lis 
l«f»ort-i?Bt I f tt Is iffef-^ frma to tioe only o«« or two porttooo of 
the ,«#ppr«tlott 90hemft hmm l»iri»»tt|f»t©di »ad the 
ros^olto feoye li«#ii ia liy l^trolov ta a rovt«« <11) • 
lot«rf'!»r»««»« OOWBO low ooeaiwof aw^  low prootsilon ta 
thooo 4Seton»ta«tt<Mif» fli« iaooor««oy« proofotan »»<l 
pooot^ltlty of r«MiOTtai tatorforoaooo o«a l»o tiioroooo4 hy • 
iirtor toii«»o»ob«inio ooyorottoM* 
ToB*osoti««to olirovMtoiropiiy itiroo ipaatttettyo 00T>ar«tt0R0 
of o lorfo aaiibor of toa« awl tt woy W oppltoa to roole 
(15) • tarta* haa %mm dotoraiaotf ta traoo awoanta ta atlfofttoa 
aad! staoral* hy too-osoti«aia olirmtofffopby and atoato al»«orf>tta« 
a f»oo t r cMio » 
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I t V T f IttiMHriAst to d«v«lop stiiiiAAr^taed ii«al]rtl«fil 
mttiode whteh f lv* « « l «ot tY« s « ^ r a t l M i » sntf tti«fi tli» <fiittBttt«itv« 
M9Tmim«t%m of tli» •leiNNii* In 1o4»ly«dnftl iolstloiifi. Af« » r mo 
•«yMir4itioci, tli* mmlywl* ar* ••rrtea m t %sr mttmio 
«^«ori>ttoi} •pmtrmmtry, T1t« ••pamttmi Mtieffie t » glvott to 
fillvtnattt Intcirfercne** at otber lim« for iii« <(lftterMlit«tlQ«i of 
ton of Interoot* A «oh»w« of im'^mw&h&m*' mmratim &t 15 
#l4HROfito OQ^  4#t#riBtfi«tttein Ibjr feme lammt anif»li«d to rook 
i»oat1|rolo ©orlotfarwjti ( I f ) ti»» fivon » metiim! of olltoato 
j*oal,yo<fi, »3r o«lw« tiwi~««>haoi|o ^ffoooloiion 
prf®otro«B«fcryt I I frtwisonto woro »eeor«t®1y (§«tonRio«'df. Sar!«mrov« 
t l . m on#siy«io®i «ohe»« fo-r ffffeon 
rA^loninalt^ffff liy iiotnf ootion oQion-oxehi^filtt^'ro, 
Tn flio ^rmmt worte th^ utit Itao f>««{i of prlnoitiloo 
of o1a««ie»l %fof nmlymtm to tnvootlfoto ttio pro«ono« aoH iin^iitt-' 
tiitliro dotonitB»tioB of trtoe tn rook ii««f)to« hf 
oomrorttng i»ii reotn to ro«peotlve ton to forwiR 
to gtvo iti« taooloHle o^lto tho aottan of ocmotor ton (a« antoo 
of tho rootn oiKI tlio nioiol ton tn t1»o oolotton, flio iMtal to«o 




All r«ag«ttt« vere of aoalyfioal reagent 
Anl»«rl1te tR^OO wtth 20Mtm aK»»h 
Atomic nhBorptitm «P«'Otrow&ter,S.P. 2900 (Flutltps). 
tm'^'MQhame 
Aafeprlltp in -km wttls 200-400 »e»t} wan iiseH. To®-. 
©*eh«»fe»r wa® tnk'efi In a ooloairi f i l led with ^lasu vool ««iT>T^ort, 
Th© anton-ejitehfjager was first oonverta-l Into olilortcis? fore and 
thai In siuttable Ionic forws a® f^eeireiS, by the r«®peottve suit 
soluttofis. 
Analytteal 
StaiKliird solotton* of dtffer«Bt aet«l ion* « « r « prepared 
liy tltratfon iifalnvt SUTA Mloti«ii« Saparatlon of <llff«r«fit 
Mtal tooo 1MI0 on tii« aMltty of imtai ions to fmm 
prootpitote with fiorttovlffr oniono* Tli« O O I M M O of onion-
OBehongorR wero ooo4 taking oi»|»roixiWitoly 9 gii of ilnib«rlit« ktif 
on a glaoovoot oofiiiort* f1i« «xok«Rgort woro oonvortod into tko 
tfooiratf anionio fonw mid then waaliad witli doioninod wotor t i l l 
tlM vnaliinKa wera froe of aniona takaa* 9lio oolnan now otooA 
iMft^ r tor 
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(*) ftipmiqw » f Oii(tT) ip yriol&ttalt » f i>iilic>feta» ^n 
2SJiiS2JBBSl& 
fiui* in @#I«ttmi It9.« i wm eonvertKi tot^i 
«»tphtd« fwm0 A fwltttton of Imowfs Qmmmtmtim of 0O|»!Rer 
attrPt® ana ott*©* mt&l fotit » » » fiii!»»«« tfeir<3®ifc tli© oolmm at 
tti® fwt® of t wl/wlnijte*^ in aclale HBe t^imi. C«(1T) if»« riitrftnefl 
tb© eoltmt tw fftrm of eSi»?J» Tti« root pf tfi« i9«t«l foU'i? 
oilier thtm fiiCTTTi, Cdftr ) , J^fefttf), flg(Tt1 
pflfif!^ ®^  oot #|ttiit® 1, Hottlti t^sT'lB^ 
W0® repoitfiMllf' frontoil vitti % w n i i r l o .tota at CJ» Tbe 
eoRfilp-t »fff O'" ©opr^r nltrato wm oollootod, 
( ) BjriHsmiiofW of fm(tn}^ ktjni) md on ttig 
itrogti^ttato of itsr^ir^iaot 
T wfla t^oflod off to ro i^® R^ ?-;' gat. fh« 
©»0fi®0f®r la ooltrat S mm oo»wrto<l lato tmm liy 
tli# irootiM^tit of afMsootiiai li^^roxlAo* 9 ml aoltitloti of s^Mnoetiiii 
ottlorl^o wie pcmrotf Into oolono prior to addition 
of olaoto I at ttm mio of i ml iilttiito*^. poCfYDt At(TtT> m^ 
Or (T IT ) woro rotottto^ ovor tlio o o t m In for* of fm(mt)y 
At(OB)^ mi^ OrCon)^ •• |iro«iftt«»to*« tiM otiior notal tono whtoii 
r«wii«o« m«%»or^oA woro oollo«to<l a» olo@io Tf« tlio i»root|itt»t« 
vfto vi»«t»o4l wttti l^ ot AolontsoA trotor* flie ^t««oloiloii of tlio 
prootfittAto to tlio rofitn motrtx « » • «ffoot«# W a^tfttton of 
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• €%tmt9 •<il«itt«fi of lijrdroolilorfe aold* «ntoB*«x^«iii«r tn 
•oltMM ]|0» 5 Into tiydrostd« foni ^ tlio tr0»%mnt 
of 0*9 If «04'ta» liyilroaiid«. the obore ftltroto ipaotod ovor 
tti« oolmn «li«r«li3r re(fTt) ona ar(TITl were rotalned ferrte 
aiMt o}ironli» ^AroxtAe while aliiiitiiliia(tTT) pasted oat 
nnabeorbed aa TtaMO *^ 
ooltMB) haviag the !>re©tplt»t©a wai; treated with hot 
aof^ltm hs^ r^cncide and e»ieea of hroafne water Thta roaolted 
tn the detaohBKRfit of C r ( l f T ) from thp r^etn leaving PefCBl)^ In 
the ooltMRi. Trim pr^tpftate wan thou dieeolved in % M hifdrochlorlo 
aol'^  m^ elutod iroo(fTf> was oolleoted tis a healtor. 
( I t i ) Separrtttone of PftClI), Mii(Tt), mim) and Co(IT) haeea on 
the greoiptiate of aolphide ia alicalioe awjitwi 
the aiito»*exohniigfir in oolwna ao* k «aa oanwerted into 
sulnhide fern* 5 fffi owaoniwa ohloride and 5 tat of anmoifia eolattOHi 
(B*D,H») wore added In the elitate Tt« flten the aolottoB waa poaaotf 
9W9r the ooloan ntnilber k at the rate of 1 at •inuto**. fli(TT), 
SA(rT)» M b ( T T ) and eo(rf) wore roiataotf oirer the oolmn a* 
aal^idoe while ^ e other eattooa ^oood out unrotaiaed aad wore 
oollaoted ae elotfl^fTT* 
file preoipitate waa waiiiod with hot deioataed water* The 
oolaan waa thoa treatad with 1 N hrdroohlario aoid. Ea(TT) and 
iMiaae^  out miahaorhed aad oolleoted ae f*!* ooaplete 
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9f the eoltian ^mti t o remvre Si i (TT) end f t i ( T t ) wht le 
l i t ( I f ) AttiS e o ( T t ) were In tti« eolmm* Tli« •oloan 
the^n t r e a t e d ! with m im * m mo^ ( 3 t t ) IIIK5 tiMj f t l t r » t « 
ooBtetntnf I l t (f7) and Co(Tf) f^* 
ftM tilir^tux Pj was boil«d off to remove n^S gae vhtelt 
nm» hy a pmp9V of eootat«. The unicsi-cxQtiOBISer 1» 
coloud no* 5 ffOft treftto^ it^lth eaco^ fiK of 0*!^ sodftas hydrcnride 
»o1ltitioQ« waitings wor« wd^ miih detontssod i^ater. 
F i l t rato r^ posset ovor tlio oolons » t ttii} rate ot i ml 
niniite*^* ^ ( T f ) retnino^A try th« oolunn wtilt® fiooood 
cmt «8 HaEnO^* preolpltot© Hb troatefl 
wltb nttr lc «iwl th^ ©ffl«©iit oolleoted lo a »@|M-Jr0te 
li®iHe®r. 
Colnan no* 6 hmrlng antoii^ftsofii^nier tn ohlorid® f o r » 
OQciverto^ tato liyi«ro«ta© fmrm liy |»«»<ilfig tn imcni l in i l iy^roxl i lo 
oo ln t ion an^ iti#n urastitni t l ie e o l n n wtth ^efonlasotfl nator* 5 n l 
of i^tttefhylglyoxtni) wan In tl io oolnnn* Iftettot ( t t ) woo 
rototttod over t l i « O O I O H I in t ^ f o m of rod prootpt to to o f ntoliot 
d lao t t i y l g l i rox tM wl i t lo 0 f i i i 0 l « ( f l ) iNi lntton i»fl»«ofi out tin«bi0f%0A« 
HIO eolMM having n i e k o l f t t ) f)reot|itt«tf» uaw treototf w l tb mt 
l i rd roe i i l ono aota« f lM o f f lnent w@e oo l lootoa w!)ioli oontatnoA 
Qteke l (TT ) tona M i l y , 
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( tv ) ff^wmtim 9t Wm(n) SrfTT) Imn^A m tht i » r « g t p t f f 0f 
fo eltuite TT? a^aed N tiyari»etilorlo aot^ to fsftlc^  ft 
fitiffiolftfitly aetdfo tm<li ttien wae 1>otl«d off to remote gat, 
eltiate Miking I t baeio an^ was »c$rke€l 
fif clnota Iff,ft. Use 8Bloi»-eieofi"-tiii0r tn eoliiiMi no. 7 
vfth oiKteaf: of ^ M atimmilwn; oer^ bomiti^  to covert It into entbmmte 
form. 2 » l of ffR||OI1 f»wired Into th-«? oolinm. werra oloa»ti> 
wnfi tn the ^^foreaat^ 
oolonn* BaftT ) S F C 7 T 1 foffoadi 
preeipltot© a® BaCCO-)^ aati SrCCO-)^ antf over th® J J) » eoltiran i^tilli* ^fClt) oollect©«i afs an «»lt.i«tc IV* 
'nte pr^FF»1tat© in THE OOIUKKI WAS REPEOTCNAIY WASTIE^ hy 
«l©l«wilaE©f! water, Mlutc oootlc actrl was tli«n triefeleji tlirougti 
ttir oolram, B»<fi) »iw3 8r(Tf ) priMSlnitatea got dleisolvefi and 
ooltaotatf as aliiata 
rtia above oolt»n was tbcKroagbly waalta^ wltts delonlsiNa 
vator to ffMMWa aoatte aeid« flia aBion-asaiioiigor In ttia aliova 
e o l m iraa aonvorta^ Into ^roaata fom* flia aloate V va« aa^od 
to tlia aoUMB. Ba(t l ) wa» r«talne« evar tha 99>lmm aa bartw 
otkroanita irtitla Sr(TT) vaa oollaotad aa an oloata ITA. Tlie 
|Mraoii>tiata of BaCrO^ vaa «taaolvi»« bsr tlia tr«at«ent of 0*1 M 
Hjr^lroolilorto aoltf. Tlia ooltaetaA effluent eontatnad only 
B « ( n ) t « M . 
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iliMiie TV eimiAlti^a wnaefttm in fora of 
f^mmUm mtmim mmmim m mim nm9%%%&mt9 U 
2 of ironRil saiB^l.® wa® aooiirsste'lf' tot© a 
filatliiiiit ^fute, wl ®f faster, 10 nl of aef^ »BC1 
25-50 f»l of lyarofltmH© »el»f m m Tli® »t3Ktiir# wa® 
»irirl#f! to ii©t»ti»v@ tftoi^sft^ f t WB9 partl/^Uf ooverei 
wttti « H^l tbim t© a^use fnwtg of perctilorle aoti® 
tfeo Mmh Wl? allo^^i to ei^l ifmm» Tts «?iffl«s «nci tise lit'' wmr& 
uith t'^ t i^tmimfi water. lti«? again ticatei to 
To th« tmm^Anip thp flttis wao i »1 of bydro-
otilorte aeii wwl Hi of I t worsetl m 
I t t t l e to itssolv© tlie ewiteot owl tli@is oo©l©<S» mH ilife 
«ror« fiom^oi wttts a ral>t>@r p&ti&mm oihI tti« oonteot wmm troitsfofro^ 
t o a aso ml i r o l m t r t o f taoir , Tt timtty miutm t o tii® mw^ 
wftlk «lel<iiilii4eMS irotor a e i va® ikmrmi^hlf Calctaat 
Will ( o a l o t m oxtaa • tt«g8oaiwB fxtido) iroro dotors l^od W 
tttrattoM* Wm MiaealaiR oil^e eooona roftAlni woa 
frm thm f i m m<lliig» 
Am imiofluooxeliaagor t » oolnwi was troated witli « ioam of 
^^ ^ ^ ^ ^ ^ ^^ ^^^^ oai%oiiat« forii, @ at of m ^ m ima 
alao poaroi Into ttie OOIIMR* flia ALMPVA atoot aolottoe of 
1B3 
Mailt* itfit ftllM to ill* ••ImR* Nftgiiociwi ws* oolleetcd 
•• m •ffloMt wiiil* oaletiM was i«t« l i i «d In tlie tmm of oolotoM 
oailioiioto. tnto ttiio OO1IMM» atlnto aootlo rnm^it ona 
ilio froottono of enleiini woro o o l t o o M In • wtp^rote %oali«r. 
ffi* tfotentnatloii of oolcluii oxt<)e and vagoestas oxide waa oada 
l»y BUTA t i t roUoB. 
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wsmtt 
fli« r »Mi l t « of 9wm «snifti«tlo mtrntarm* ttr« pr«Miit«ll 
in TiiM« aiMl tlist « f a rook •aaploo in Tobto 2%» fli« rooolto 
of roek •wplot ar« oowfiorod witti tliooo o l r o o ^ knoim •• 
•iaiHlaf^i* 
fAmi, 23 
AHiSLYTicAi. mTAs fOR 'Tiifc mmm'im 








1. c « ( n ) ISO 
2. C r d t T ) 48 h2 
At c m ) 46 
r o < m > i 0 3 
f . W 9%.f 
••(n) 180 m 
Hi (11) 500 440 
165 
VAMM 2k 
ANALYSTS OF ROCX SAMPLES 
1 i "•! 
s ^ m s TR^ O^E Ei^w^irrs m o K s aiFofii m i i i s A r a ^ 
M P F ^ M R T M »:I»AIIATICJII 
M ^ ^ T T ) 220 ma 
mitt) 5% %% 
m(rt) 1S70 156© 
SSnCTf) 86 
S i (TT ) 76 70,5 
C « ( t T ) tlfj 100 
B«(1T) 160 150 
sr(rt) 190 185 
IX00.1 Crittt) ISOO 1600 
m e n ) ^ 5 18$ 
ftoClT) 700 690 
IBG 
fli« r « m l t » of mSvr eiiii0tit««itii la tiM 
• 9.9 ( file r««<ltiii of wlQtmm ootlAo 
( i t ) HIO rootftBf of omGlom fwl(!o and 
ttannooliMi oortAo m to»2 n l 
Tlio reading of nagft^fiitiiiii oxidle « 
<«) ffi« iierecfitAge* of GQlettmi <iKt«t« In oMiiitle 
m h X to 
Her«> A 
''me 
roailtiig of oolcltiB too 
55 * 
3 0 . 8 ^ 
Pmr&mtQge of oalotim osiile in tli« mm^le m 90.S% 
(%) f»ero«iitoge of «agii#«1tiii oati^^ in the oiraiplo 
0 . i 0 9 t X A X 10 
0.%09S X 4 . 7 * 10 
O . m s X 47 
18.990% 
18,990% 
4ofo of ••taoolini 
In tho ooMpio 
1B7 
A f f r f w t t w i 
( i ) fli« w M n g ttf ••lotwi iisld« m •l*^  Ml 
( i t ) TIM rt«dliif of aiiiMclini oacidc m k^B at 
(e) the |i«re«fitac« of eolotiw oait<!« in doloiilio sawplo 
m C}«560® X ^ * to 
«r 0.9608 91 10 S 5.% 
• 0 . 5 m X 9% 
• 50.2S52 
of ealQlon oxtAe ta 
tlic Miiplo m 
(h) PH»remiog^ of paitiootaB oacitfo in ilolontio onople 
m X iO M A 
m * 10 * 
• M ¥1 
'^ age of MgaefiiiMi ooii^o in 
Um dol(Mrfte SMiplo • 
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PiSCPSSIOIt 
The re«Qli« of 85 and rvipMil HM of 
iMH«iOli«a«ii rooioo •• a for prtor oopoffniian to atottto 
aboorptiom dotanitMittoiio* Tlio resalta of tbo aotoMlMtloii of 
^ «etal ton* trme elewento v^m ooof>aro<a vtt^ otmdartf 
r@»olte iiuw rtooiiirt>la»oe»* t^^mifm^ t « Imoedr on 
elnple prtoolplii of oolul»il4ty prodttoi oad {irefor@ntiaI r#teottoii 
of t6« laet^l ton* in trmom (mr in very «1tloto aolotf^a) t»y 
ooIomo. Vfilo method o{nmr0 e ohoiiea fmr otiior 
oofiiratioiis to li# tri#^ to tlila mmmer» The soparsttoii aofoeiie 
^tvon on ttie ooxt fmgf gtvus tti«? view of tlie appltoi»tioB 
f^ rooodNuro of the aetlio^* 
teetinlQoe eeefol f«wr the Aet«iff«tBatton 
of nejor oonotlto^ts tn rook oaaplea and tlie noonl int«rfor«iiooo 
ooQOod hr the other aotal tons In the dotoiMtnotton of oalotnn 
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ABSTRACT 
A new ar tsorbent y f n c B l J i c e t e has been lieed 
tor the p a p e r chromato^Taphle s e p f f r a t t o n s of d i f f e r e n t 
pbenolR. Rp v f l n e s have been de te rmined and compared 
wi th thoBe o b t a i n e d on p l a i n p a p e r s . A new term 
R^ h a s been c a l c u l a t e d f o r v a r i o u s p h e n o l s . The 
dependance of R^ and Hp on v a r i o u s f a c t o r s have a l s o 
been s t u d i e d and d l s c u s a e d . 
INTRODUCTTOW 
Efforts have been made to find a suitable 
adsorbent for the separation of different phenols by 
many workers recently (1,2), Many authors have 
studied the chromatography of phenols on plain papers 
(5-6). Clarjc suggested use of loti exchange papers 
for the separation of phenols ( 7 ) . Most of the 
sorbents used earlier either Interfered with the 
detection of phenols applied or lacked adequate 
resolution of dt-fferent components present in a 
•Izture. Stannic molybdate (8) an Inorganic Ion ^  
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exchanger has been employed as adsorbent for paper 
chromatography of spme phenols. Though they are good 
for separation purposes the Invariable elongation of 
spots have been a negative point. In our present 
studies we have used zinc silicate as a potential 
adsorbent for the phenols. 
The spots obtained are nosmpact and distinct. 
MATERIALS AND METHODS 
Apparatus. Chromatography was achieved on Vhatnann 
No. J paper strips of 14 x 3 cms. using glass jars 
measuring 20 x 5 cms. 
Reagents. Chemicals and solvents were of E.Merch 
(Derrastadt) and fi.D.H. analar grade. Einc nitrate and 
sodium silicate (Rledel) were used. 
Developer. AMmoalum hydroxide of different ooncentra-
tlon was used. 
detector. One part of iner^ ajy was dissolved in on« 
pai-t of fuming nitric a d d and diluted with two parts 
of water. This reagent was used as detector. Ferric 
nitrate solution was also used for the detection of 
some phenols. 
Preparation of Ion exchange papery. Aqueous solution* 
of sine nitrate (0.25N),and sodluis silicate were 
prepared. Paper strips of required slsse (11 c«» * 3) 
were first dipped in «inc nitrate solution for 
•eoond*. Tb* cxcess of the reagent was re«oy«d by 
placing the strips over ordinary filter sheet and 
allowing thew to dry for l*^  wtnutee at room 
f.iffiperat- xfte strips wer«p then dipped In 
stlloste solution for e^out 5 seoor. <«» ^'xcprp of 
allowed to drnin ofl" •  strips 
over 0 filter sheet. Thee-
at room temperflture pnd then was^  h 
fS4«t111«rt weter to removp excess o 
Ftnally these were dried at room tempei. . . 
as such for chromatography. 
Procedure. One or two spots of test solutions were 
placed on the paper strips with the help of thin glass 
capillaries. The paper was conditioned for about 
15 ainutes and'the solvent was then allowed to ascend 
(11 cms. in every case). 
RESULTS 
A small drop of phenol solution was placed on 
a paper impreRnat«d with zinc silicate. The chroma-
tography of 27 phenols was achieved in ammonia 
solutions (1 X 10"^M, 1 x lO'^M, 5 x IM) on 
zinc silicate papers. The results are summarized in 
Table 1. 
Por comparison phenols were ohrometographed 
on untreated Vhatman^^No, 5 papers in the aforesaid 
solvent systems (Table 2). Thus a new term R^ (9) 
was calculated by substractl.ng Ry value for untreated 
Ifhatmann No. 3 from Rj, value for treated papers 
(Table 3). 
Separation. Separations were tried for the phehols 
having appreciiible difference In their R^ values. 
Spots of the mixtures were placed on the chromato-
S I . 
No, 
TABLB t 
Values of 27 Wienols in Dtff«r«nt Solutions of 
"" -T 
mtB 
P h e n o l s 
1. Phloroglucinol 2. oc -Naphthol 3. & -Naphthol 4. 2,4 Dinltropheiiol 
5. p-Nltrophenol 6. Catechol 
7. w-Cresol 8. p-Cre»ol 9. Pbenol 10. Resorclnol 11. Gallic 0cl«! 
1 X 10 
NH^OH X wa .OH 5 * 
0.*3 
0 . 3 4 
0 . 2 2 
0 . 3 2 
0 . 4 9 
0 . 6 2 
0 . 0 0 
0.00 
0.00 
0 . 4 8 
( J . 1 0 
0 . 5 8 0.40 
0 . 3 5 
0 . 4 0 




0 . 0 0 
0 .51 




0 . 4 0 
0 . 4 2 





0 . 5 4 




0 . 4 7 
0 . 4 5 







o - N i t r o p h e n o l •s 0 . 0 8 0 . 0 7 0 . 0 8 
r s . fa-NJ t r o p h e n o l (uki 0 . 5 0 0 . 5 4 0 . 5 7 
If ^ ; V l e n o l 0 . 5 9 0 . 6 7 0 . 7 0 0 , 7 2 
n h y d r o i i e 0 . ' « 5 0 . 6 0 0 . 6 5 0 . 7 0 
n o l 0 . 5 1 0 . 6 0 0 . 6 4 0 . 7 0 
i7. l * i c r l c a c i d 0 . 6 5 0 . 6 8 0 . 7 1 0 . 7 4 
1 8 , V » n l l l l n « 0 . 5 4 0 . 5 8 0 . 5 9 0 . 6 1 
3 9 . P y r o g s l l o l 0 . 2 8 0 . 3 4 0 . 4 2 0 . 5 1 
2 0 . B r o w o t h y m o l b l u e 0 . 6 3 0 . 6 3 0 . 6 9 0 . 7 3 
2 1 , 1)1(2 h y d r o x y p h e n y l l i i l n o ) e t h a n e 0 . 0 0 0 . 0 2 0 . 0 5 0 . 0 9 
2 0 . ^ - H y d r o x y 7 l o r t o o u l n o l l n e 
0 . 7 6 5 s u l f o n i c flojfj 0 . 6 8 0 . 7 0 0 . 7 3 
' 3 . Fhersy l f l u o r o n e ( ^ . p h e n y l 2 , 3 , 7 
0 . 0 1 0 . 0 3 t r i h y d r o x y 6 f l u o r o n e ) Q.m 0 . 0 0 
C h l o r o p h e ' t o ^ 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
Bro«ioc» ••«!» 0 . 6 6 0 . 7 2 0 . 7 4 0 . 8 1 
0 . 4 1 0 . 5 6 0 . 6 0 0 . 6 9 
0 . 6 3 0 . 6 6 0 . 7 0 
en 
3 
V a l u e s ot 26 P h e n o l s 
<o 
•y B^  Values 
SI . 
No. 
F t i e n o l s 
I X 1 0 ~ ® M 
NJf^OH 
r 
1 * 1 0 ~ ^ M 
- ~ T 
5 * 10-^M 
N H ^ O H 
I M 
NTH^Ot 
1 . P h l o r o g l u c l n o l 0 . 2 2 0 . 2 2 0 . 2 1 0 . 2 3 
•> <Cn « • ^ - N f l p h t h o l 0.07 0.1A 0 . 1 5 0 . f 5 
3 . / 3 - N a p h t h o l 0 . 1 0 0 . 1 1 0 . 1 0 0 . 1 0 
k. 2 , 4 D l n l t r o p h e n o l 0 . 0 8 0 . 0 8 0 . 1 0 0 . 1 1 
5 . p - N l t r o p h e n o l 0 . 0 6 0 . 1 0 0 . 0 6 0 .06 
6 . p i - C r e e o l 0 . 0 0 0 . 0 0 a. 00 0 . 0 0 
7 . C a t e c h o l 0.20 0 . 2 1 0 . 2 1 0 .20 
8 . p - C r e e o l 0.00 0.00 0.00 0 . 0 0 
9 . P h e n o i 0 . 0 0 0 . 0 2 0.02 0 . 0 4 
1 0 . R e s o r c l n o l 11. (jBillc add 
1 2 . o - N l t r o p l i f t ) o l 
1 3 . m - N l t r o p h p i i o l 
i k , X y l e n o l 
15. Qulnhydrone 
1 6 . Q u l n o l 
1 7 . P i c r i c a c t d 
1 8 . V a n l l l l n e 
19. Pyrog^ 'ilol 
j O . K r o m o t h y m o l b l u e 
•2i . D 1 ( 2 l i y d r o x y p h e n y l l m l r i o ) 
. 2 . Q u l B o l t n e 5 s u l f o n i c a c i d 
2 3 . P h « > n y l f l u o r o n e ( Q P h e n y l 
t r J h y d r o x y 6 f l u o r o n e ) 
2 k . h C h i o i o p h e n o l 
2 5 . ^ ) m o c r « « o l g r « e n b. ikalnophenol 
2 . 3 , 7 
0 . 2 0 0 . 1 9 0 . 2 0 0 . 2 0 
0 . 4 6 0 . 3 7 0 . 3 1 0 . 3 3 
0 . 0 0 0.00 0 . 0 1 0 . 0 0 
0 . 1 1 0 . 0 9 0 . 0 9 0 1 1 
0 . 2 1 0.20 0 . 2 1 0 ' 3 
0 . 1 5 0 . 1 8 0 . 2 3 0 . a 
0 . 2 1 0 . 2 0 0 . 1 7 0 . 2 0 
0 . 1 0 0 . 1 2 0 . 0 9 0 . 1 0 
0 . 0 9 0 . 1 0 0 . 1 1 0.10 
0 . 3 2 0.95 0 . 2 5 0 . 2 3 
0 . 0 7 0 . 0 9 0 . 1 1 0 . 1 0 
0.00 0 . 0 2 0.02 0 , 0 2 
0 . 0 6 0 . 1 0 0 . 0 9 0 . 0 8 
0 . 0 0 0.00 0 . 0 1 0 . 0 0 
0 . 0 0 0.00 0 . 0 0 0 . 0 0 
0 . 1 « l 0 . 1 6 0 . 1 2 0.13 
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1 7 , 
P h l o r o g i u c l n o l 
I S i l o r o g l u c l n o l 




D t ( 2 h y d r o s y p h e t i y l l m l n o ) e t h n n e 
(0.08) 
P h e n y l f l u o r o n « ( 0 , 0 0 ) 
4 - O h l o r a p h e n o l ( O . O O ) 
p - N l t r o p h e n o l ( 0 . 5 8 ) 
p - N l t r o p h e n o l ( 0 . 5 9 
p - N l t r o p h e n o l ( 0 . 5 9 ) 
0 1 ( 2 h y d r o x y p h e n y l l m l n o ) e t h a n e 
( 0 . 0 9 ) 
^ - C h U i r o p h e t i o l ( o . n o i 
r h e n y I f l u o r u n e ( 0 . 0 5 
m - N l t r o p h e n o l ( 0 . 5 5 ) 
m - N l t r o p h e n o l ( 0 . 5 5 
m - N l t r o p h e n o l ( 0 . 5 5 ) 
D l ( 2 h y d r o x y p h e n y i l i M l n o ) e t l i a n e 
(0,06) 
4 - C h l o r o p h e t ) o I ( O . O O ) 
P h e n o l ( 0 . 0 0 ) 
m - C r e s o i ( 0 . 0 0 
p - c r e s o l ( o . O O ; 
P h l o r o g l u c l n o l ( 0 . 6 1 ) 
(0.61) 
(0.60) 
P h l o r o g l u c l n o l 
P h l o r o g l u c l n o l 
a - C r e s o l ( 0 . 0 0 
p - C r e s o l ( 0 . 0 0 
P h e n o l ( 0 . 0 0 ) 
p - N l t r o p h e n o l ( 0 . 5 9 ) 
p - N t t r o p h e n o l ( 0 . ^ ) 8 ) 
p - N l t r o p h e n o l ( 0 , 5 8 ) 
» - C r e s o l ( 0 . 0 0 ) 
p - C r e s o l ( O . O O ) 
P h e n o l ( 0 . 0 0 ) 
m - N l t r o p h e n o l ( 0 . 5 5 ) 







2 5 . 
2k. 
2 5 . 
26. 
28. 
2 9 . 
3 0 . 
31. 
3 2 . 
3 3 . 
•'A. 
3 6 . 
57. 
39. 
Wipt.v i t l u o i o i i e ( 0 . 0 5 ) 
C a t e o l m ! (Ci , y c ) 
C f t t C f f i D l ( ( ! . ? < ' ) 
C a t e c h o l ( o . 7 ' i ) 4-Chlorijphenol (U.OO) Dl(2 hydroxyphenyHtulno) ulhaiie 
(0.08) PhenyIfluorone (o.05) He&oiolnol (O.OO ftehoii*tnol O.oO ' Reii'iro f Jiuil (n.';Q) Dl (2 hy.lroxyphenO Imltio) t-in<iiie 
( 0 . 0 8 ) 
Phenyl ^ -luorone (0.05) 
i u > n o l (O.dO) 
Xyiuuol (0.70) Xyli'nol (0.69} 
Xvlciit ! (0.70) 
01(2 iiyii I onyiijhtny 1 iBiliio ) ethone (O.oH) 
'n-Ctiloi ( 0 . 0 0 ) 
Qiili 1 wlroii<' (0.68i 
QIUIII.> <!R IFN? ('^.FIH) 
Qu Ullf . l i .t jfi) 
n . ti . < I , 
V , tl. I V J ) 
J i ' t . • t ' . H . f 
(jui lift i 1V . "'i) 
) .-t) l^ll 
n i - N l t r o p h e n o l ( 0 . « ) 5 ) 
I - h e n o l ( 0 . 0 0 ) 
m - C r e s o l ( O . u O ) 
p - C r e s o l ( 0 , 0 0 1 
C a t e c h o l ( 0 . 7 0 ) 
C a t e c h o l ( 0 . 7 0 ) 
C a t e c h o l ( 0 . 7 0 ) 
P h e n o l ( 0 . 0 0 ) 
IM 
m - C r e s o l p-Cref'Ol 
0.00 
O . t X ) 
Resorclnol (0.60) 
r t e s o r c l n o l ( 0 , 5 S ) 
Henorolntr l (0.58) 
p h e n o l ( O . O O ) 
.ii-Uresoi ( 0 , 0 0 ) 
))-Oresol ( o . n o ) 
i'tit'nyl fh io ror i f } 
XyUnml (0.70) 
XvlenoJ (0 /O) 
m . C r e » o l (0,00) 
j i - C r e s o l ( 0 . 0 0 ) 
i 1 (0,00) 
! Afits'e I'! i H) 
1,  . It l!U' (u ) S) 
f^ .ilritiydi itti'' (0, ( ') 
.» 1 1 ««<> \ iU.iX)) 
i 
a 
T A B U i k ( C o a t l n u c d ) 
" I - -




















Di(2 iiydrozyphenyJlmlno) ethene 
<0.08) 
%-Chlproph«xiol to.oo) PhtttfUiunaJW.'e (O.O*^ ) , Ptibrift •c4ij ,tO. 73i 
P l ^ t ' c ^ a c 1 a . ( 0 . 7 3 ; 
Plcirl'c acid- (0.72 
o-Nltrophenol (O.O?) 





D l ( 2 h y d r o x y p h e n y l l m l n o ) e t h n n « 
(0.08) 
P h e n y l f l u o r o n e ( 0 . 0 5 
4 - C h l o r o p h e n o l ( 0 . 0 0 
V a n ! n i n e 
V a n l l l l n e 
V a n l l l l M 
V a n l l l l n e 
0 . 6 0 
0.60 
0.60 
0 . 6 0 
0,05) P h e n y l f l u o r o n e 
D l ( 2 h y d r o x y p h e n y l l i n t n o ) e t h a n e 
( 0 . 0 7 ) 
piienol ^Inol: ( O . O Q ) <0.70) 
Q u l n o l ( 0 . 7 0 
Q u l a o l ( 0 . 6 8 
• - C r e a o l 0 . 0 0 5 
p ~ C r e s £ r l f O . O O J , 
P h e n o l ( O . O O ) , 
P t c r i o a c 1 « ( p . f g ^ 
o - H l t r o p h e n o l , 
m - N l t r o p h e n o l 
o - N l t r o p h e n o l O f ^ ^ i 
P h l o r o g l u c l n o l ( P i S ? 
o - N l t r o p h e n o l ( 0 . | ; p 
o - ) » l t T o p h e n o l ( O . O v l 
P i c r i c a c i d ( 0 , 7 3 ) 
P i c r i c a c i d ( 0 . 7 2 
P i c r i c a c i d ( 0 . 7 2 
m - C r e s o l ( 0 . 0 0 ) 
W i e n o l ( 0 . 0 0 ) 
p - C r e s o l ( 0 . 0 0 ) 
o - N l t r o p h e n o l ( 0 . 0 7 ) 
V a n l l l l n e ( 0 . 6 0 ) 






















4 - C h l o r o p h e n o l ( O . O O ) 
B r o w o t h y m o l h l u e ( 0 . 7 2 ) 
B r o m o t h y m o l b l u e ( 0 . 7 2 ) 
B r o r a o t h y m o l b l u e ( 0 . 7 2 ) 
B r o m o t h y m o l b l u e 0 . 7 3 ) 
» i - C h l o r o p h e n i ) l ( O . O O ) 
D l ( 2 h y d r o x y p h e n y l l m t n o ) e t h a n e 
(0 .08) 
P h e n y l f l u o r o n e ( 0 . 0 5 ) 
B r o m o c r c s o l g r e e n ( 0 . 8 0 
B r o f f l o o r e s o l g r e e n i 0 . 8 ( ) 
B r o m o c r e a o l g r e e n 1 0 . 7 < ) 
B r o m o c r e s o l g r b e n ( 0 . 8 0 
D l ( 2 h y d r o x y p h e n y l l m l n o 
4 - C a i l o r o p h e n o l ( 0 . 0 0 
P l i e n y I f 1 u o r o n e ( 0 , 0 5 
P h e a o l p a t h f l l e l n ( 0 . 6 5 
p»i< 11.) i p h t h i i l e l n 0 . 6 6 
P i i f i i o l p l i t t i a l f l u 0 , 6 0 Ptif u.iv>'<^>>t< lein o,b(> 
< i - C h l o r o p l i e n o l ( O . O O ) 
o . • ^ » l n t p l i p n > » I ( 0 . 7 0 
I'heiufl 
e t h a n e 
( 0 . 0 7 ) 
V a n l l l l n e ( 0 , 6 0 ) 
Phenol ( 0 . 0 0 ) 
p - C r e s o l ( 0 . 0 0 ) 
m-Cresol 0 . 0 0 ) 
o - N l t r o p h e n o l ( 0 . 0 7 ) 
Bromothymol b l u e ( 0 , 7 2 
Broraothymol b l u e ( 0 . 7 2 
BroBOthymol b lue ( 0 , 7 2 ) 
Phenol ( 0 . 0 0 ) 
p - C r e s o l ( 0 . 0 0 ) 
m - C r e s o l ( 0 . 0 0 ) 
o - N l t r o p h e n o l ( 0 . 0 ? ) 
Bromocreso l g r e e n ( 0 . 7 9 ) 
Bromocresol green ( 0 , 8 0 ) 
Bromocresol g r e e n ( 0 . 8 ( i ) 
phenol (0.00) p-Cief-ol (O.Wj 11, (O.OO) 
0-Nltt0(;tiein>l ( 0 . 0 7 ) 
ptiei iol i)hthiUeln ( 0 . 6 5 ) Jlieriol (o .Oo) 
p-Cjer .» l (O.nn) 
I ( I 0 0 ) 
1 h ) . 7 0 ) 
: h' 71) 
) 
e»u«wHij-»>>l btue (U,63) 
M - C r e 1 
a A»ii 
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NEW ADSORBENT ZINC SILICATE 985 
grephlc papers and developed with the destred developer. 
Those practically achieved-are reported In Table 
DISCUSSION 
The results presented in Table 1 show Rp 
values of 27 phenols on papers Impregnated with «lnc 
silicate. The spots obtained on these papers are 
compact and discernible while those found on untreated 
show considerable trailing. Comparison of the results 
shown in Tables 1 and 2 revealed that Hp values on 
treated papers in most of the cases are lower than 
that obtained on untreated papers. This shows that 
zinc silicate serves as a good adsorbent for phenols 
and its immobilization on the paper retards the 
movement of various phenols to different extent. On 
plain papers , however^ there is no such retartlation 
force and hence a high il^  value is observed on these 
papers. 
Besides the sdsorptlvity Hj, values also 
depend on the kind of dissveloper used. In the 
present studies NH^OH in different concentrations has 
been used as a developer. The results show that 
increase in concentration of NH^OH causes Increase in 
Bp values. Plots of values vs. concentration of 
ammonia are straight lines with positive papers 
<Flgs.la-f). This behaviour can be attributed to the 
high solubility of phenols in higher concentrations 
of ammonium hydroxide. For the slmllaf i-easons 
Rp values remained extremely low when RgO was usetl 
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OSROMOCRESOL GREEN 
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J - X 
0.01 0.1 0 . 5 1.0 
MOLAR CONCN. OF AMMONJA 
riGURB l ( « - f ) Plot of Rp agaiDBt molar oonoentratlon 
of a m m o n i a . 
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a 1.0M AMMONIUM HYDROXIDE SOLUTION 
O 0 , 5 M A M M O N I U M H Y D R O X I D E S O L U T I O N 
A 0.1 M A M M O N I U M HYDROXIDE SOLUTION, " 
• O . O I M A M M O N I U M HYDROXIDE SOLUTtOi 
03 -
k 02 -
0 . 1 
00 
O O^OH HO-O 
1 2 
NUMBER O F O H G R O U P S 
OH 
PXGURB 2 Plot of fe^ agalnut a«»ib«T of -dH groisps. 
H^ values have befcu deterwdnad for 
various phcnois ^rhich is a measure oS ion exehaag* 
•ffect {Table 5), results of thia t«ble IMlcote 
that for a particolar :!>henol R^ ; remains eonetfiot for 
the different ooncentrattone of SH^OH, i^iilc vaJwjs 
are found 4a d«p«jri!l ou' the aumber -OH groups present 
1B ph«iua3. (F ig. 2). of the ;phenol haviug three 
NEW ADSORBENT ZINC SILICATE 985 
0 3 
CK 0 2 -
01 
00 
L . O M A M M O N I U M H Y D R O X I D E S O L U T I O N 
0 . 5 M A M M O N I U M H Y D R O X I D E S O L U T I O N / 
0 1 M A M M O N I U M H Y D R O X I D E S O L U T I O N 
O O I M A M M O N I U M H Y D R O X I D E SOLUTION/ 
M. 
! 2 
NUMBtr^OF OH GROUPS 
S ?lot of agolaib-t nuKber of -OH groups. 
R^ values hav« beeu <iet»reiilned x'or 
variouK -pfaecoiii wbicn iw a maa«ui'« of ton exchar.ge 
effect (Tabl« 3). resuits of this table indtcetfr 
that for ® ji»rt.1*iuil«r R., .-'essiains constant 
th« different canefntrati or-. ox N'fl,;OH;. values 
tire fouaci to or tb«s tturaber •jf -OH groups nre^snt 
in 2). 75^  o? th« phtaol baving three 
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0.0 
0 , 6 
QC 
OA 
0 . 2 
ao 
O 1 O M A M M O N I U M HYDROXIDE S O L U T I O N 
A 0 . 5 M A M M O N I U M HYDROXIDE S O L U T I O N 
A 0.1 M A M M O N I U M H Y D R O X I D E S O L U T I O N 
• O.OIM A M M O N I U M H Y D R O X I D E S O L U T I O N 
N02 
p m 
O R I E N T A T I O N OF N O 2 G R O U P S 
FIGURB 3 Plot of ESjp against orientation of -OH groups, 
-OH groups Is greater than the phenol with two -OH 
groups which in turn ie greater than the one with one 
-OH group. Since zinc silicate acta as an extremely-
weak cation exchanger its affinity should be greater 
for the phenol which can furnish greater nunber of 
H* Ions, This possibility explains why pyrogallol is 
more strongly adsorbed than catechol and phenol. 
The results plotted in Fig. 3 show the 
dependence of Rp values on the orientation of -NOg 
NEW ADSORBENT ZINC SILICATE 985 





A 0.01M AMMONIUM HYDROXIDE SOLUTION 
4 0.1 M AMMONIUM HYDROXIDE SOLUTION 
O 0.5 M AMMON IUM HYDROXIDE SOLUTION 








IONIZATION CONSTT ( Ka ) 
riGUEl k Plot of Rp against Ionization constant. 
groups. "The behaviour of orthonltrophenol Is different 
froB that of para and metaphenols* The difference li^  
hehnvlour can be attributed to the possibility of 
intraaolecular hydrogen bonding In o-Nltrophenol which 
Is not found In either para or meta nitrophenol. Hp 
•alues have also been found to depend upon the ioni-
cation constant of phenol. The plot of Rp vs. loniza.^ 
tlon constant (Fig. k) shows that Rp values Increase 
.^with increasing i'onizatlon constant. 
Tabl« h shows various separation that have 
been achieved on papers impregnated with zinc silicate. 
RAWAT, IQBAL, AND ALAM 
Seperetion of o-Nltroplienol from m«ip and pare sulisti-
tuted nttrophenols can be neatly achieved. Some 
ternary eeparatlons have also been posstble on these 
papers* 
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Hp Vj.liips ot 
TAB I is g 
u Plain Papers In Anmonla SolufJ 
S I . 
N o . 
• 1 " • 
P h e n o l s 1 X 
NHj^OH 
1 * 1 0 - ^ M 
N H ^ O H 
' 5 * 1 0 ^ M 
N H ^ O H 
I H 
N H j ^ M 
1 . 0 . 6 5 0 . 8 1 0 . 8 5 
a. - M a p h t h o l O . ^ i l 0 . 5 7 0 . 6 0 
3. - N a p h t V i o l 0 . ^ 2 0 , % 6 0 , 5 0 0 . 5 7 
k. S - k D l n f t r o f j t i p j j u i 0 . 4 0 0 . 4 8 0 . 5 2 0 . 5 6 
5 . p - N l t r o p h < » n o l 0 . 5 5 0 . 6 0 0 . 6 2 0.65 
6 . C a t e c h o l 0 . 8 2 0 . 8 7 0 . 9 1 0.95 
7 . i 9 ~ C r e s o l 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
8 . p ~ C r e 8 o I 0 . 0 0 0 . 0 0 O . ' O O 0 . 0 0 
9 . p h e n o l 0 . 0 0 0 . 0 2 0 . 0 2 0 . 0 4 
1 0 . H e s a r c l n o l 0 . 6 2 0 . 7 0 0 . 7 4 0 . 8 0 













P i c r i c ncirt «nilllne 
y r o g f l l l o l 
Mrowo thy Biol blue :0>'(2 hyrtrosivp'x'nyl linino) ethane 
i^ijlnoline 'i - si i i farHc acid 
Hieuyl fiuc'sone (9 Phenyl 2 ,3,7 trlliyarsjKy 6 tluorone 
Chioj Ra»t> € t s ij '5 g I' e o- AajinopUenol 
0 08 
0 19 














0 . 6 3 
0 . 9 1 
0 . 8 8 
0 . 8 5 
0.80 
0 . 7 0 
0.70 
0 .80 
0 . 0 7 
0.82 















a^ Values of 26 IPt^enol* 
-— ,— 
Bj Valuta 
Phenol* . . _ 
N o . I ' T ^ 
1 * 10 > 1 * 10 M 9 » 10~*M m 
MH^OH NH^OH MHj^OB NH^OH 
1 . P h l o r o g l u e l n o l 0 . 2 2 0 . 2 2 0 . 2 1 o 2 5 ^ 
0 . 1 * 0 . 1 5 o I l S 
^ « - N a p h t h o l 0 . 1 0 0 . 1 1 0 . 1 0 0 . 1 0 | 
k . 2 , 4 M n l t r o p h e n o l 0 . 0 8 0 . 0 8 0 . 1 0 0 . 1 1 E 
5 . p - N l t r o p b f t n o l 0 . 0 6 0 . 1 0 0 . 0 6 0 . 0 6 
6 , «-Gr««Oi 0.00 0 . 0 0 O U O O 0 . 0 0 S 
?. Cfltechol 0 .20 0.21 0.21 0.20 ® 
S . p-Cre»ol 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 S 
9 . m^tfyl 0.00 0.02 0 . 0 2 0 . 0 ^ S 
10. B«sorc<nol 0.20 0.19 0.20 0.20 3 
1 1 . a c i d 0 . 4 i 6 0 . 3 7 0 . 3 1 0 . 3 3 « 
1 2 . o - N l t r o p h e i J o l 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 0 g 
1 3 . j n - N i t r o p h e n o l O . L T 0 . 0 9 0 . 0 9 0 . 1 1 § 
X y l e s j o l 0 . 2 1 0 . 2 0 0 . 2 i 0 , 2 3 g 
i * ! . i j u l n h y d r o n e 0 . 1 5 0 . 1 8 0 . 2 3 0 . 2 1 S 
16. Q>J1roT 0.2S 0.20 0.17 0.20 ^ 
17. P i c r i c a e ^ r t 0 . 1 0 0 . 1 2 0 , 0 9 0 . 1 0 t? 
If 0.09 0.11 0.10 
J 0 , 3 2 0 . 2 5 0.25 0 , 2 3 
- . i b l u e 0 . 0 7 0 . 0 9 O . - ' l 0 . 1 0 
roxywhenyJIr- no) ethane 0.00 0 .02 d.02 0.02 f ' 
"5 a . . ! t o « l c a c i d 0 . 0 6 0 . 1 0 0 . 0 9 O.OB aoroM (9 m«nyl 2,3,7 
r l t t o r - - " * ' 0 . 0 0 Ci.OO 'i-Ol OviJO I. ©> . 1 0. ••o • .'->0^  0,00 
; - O . l J i f 0 . 1 5 0 , 1 2 
•c^Ktii'iorihetto. 0,111 O.iO 0.13 ••'i 
